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FOREWORD 


EW menat the age of sixty can look back 

with such satisfaction on their years of 

labor and count so many devoted friends, 
colleagues and inspired students all over the 
world as can Frank N. Wilson. His coming 
sixtieth birthday is a very happy occasion in- 
deed. It gives us all an opportunity to express 
our great admiration and affection for him, 
feelings that so many have held but have never 
heen able to make manifest in any outspoken 
fashion. Not many men in American medicine 
have occupied such a unique position as Dr. 
Wilson, for he has spent his life in an academic 
spirit of research, working both in the labora- 
tory with animals and in the clinie with 
patients, constantly engaged in problems con- 
cerned with one subject, electrocardiography. 
Throughout this time he has been able to draw 
on two other disciplines, physics and mathe- 
maties. It was only after many years of labor 
that he could realize the practical results of his 
work and see them accepted and_ utilized 
throughout the world. 

After completing his collegiate and medical 
education at the University of Michigan he 
quickly became interested in the new field of 
clectrocardiography. At that time there was 
i outstanding figure working in this field in 
‘his country and so he had to depend upon his 
ovn talents. Although it was the custom in 
‘ose days for recent graduates to work abroad 

| the clinic or laboratory of some celebrated 

iiysician, it is not surprising that Dr. Wilson 
as able to forego this advantage and make 
rogress on his own. Not that he failed to derive 
aspiration and guidance from his teachers, 
uch as Albion W. Hewlett, George Dock and 
ater Sir Thomas Lewis. The outstanding fact 
s that in his chosen field of electrocardiography, 


which he made his life’s work, one might call 
him a ‘“‘self-made man.” 

In his early years his publications and his 
addresses at medical meetings met with little 
enthusiasm. Year after year he would appear 
at the Atlantic City meetings to present the 
results of his investigations. Generally the audi- 
ence would simmer down to a faithful few who 
realized that his reports were vital and funda- 
mental. Dr. Wilson never faltered in his efforts, 
convinced as he was of their importance and 
of their validity. Only after a decade or more 
did it become apparent to everyone that his 
series of investigations, both experimental and 
clinical, formed the main background upon 
which the electrocardiographic diagnosis of 
myocardial infarction rested. Only then did 
the clinicians realize that they had to listen to 
and to understand his work, for without it the 
care of their patients suffered. 

It is historically of interest that Dr. Wilson 
began his researches on the ventricular complex 
just at the time Sir Thomas Lewis, who had 
been a pioneer in electrocardiography and had 
elucidated the subject of cardiac arrhythmias, 
had given up the study of electrocardiography 
thinking that there was little more to investi- | 
gate, and had turned to the peripheral circula- 
tion for his interest. During the subsequent 
years Dr. Wilson clarified the entire subject of 
bundle branch block and the electrical changes 
resulting from myocardial infarction. In addi- 
tion, he developed the method now widely 
used for taking unipolar leads and is to a large 
extent responsible for the increasing use of 
precordial leads. 

The outstanding characterics of his contribu- 
tions are their solidity and reliability. His clear 
mathematical mind gives his work the perma- 
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nence and accuracy that typifies the mother of 
all sciences. Long before an experiment was to 
be planned or some clinical observation was to 
be made, his mathematical analysis had fore- 
told what was to be expected. A few years 
before any clinical observations were made on 
the precordial leads in cases of coronary throm- 
bosis, he told one of his friends to put an 
electrode over the precordium and another one 
at any distant point and predicted that evi- 
dence of myocardial infarction would be found. 
Unfortunately, this wise suggestion was not 
heeded and a valuable discovery was delayed. 

It is typical of the great investigator that 
when his work requires knowledge of a field 
somewhat different from and unrelated to his 
own, he plunges into it and acquires this in- 
formation by his own talents. Most of us would 
stop short and restrict our researches to the 
limits imposed on them by our early training. 
Some time ago when Wilson was forced to take 
a sabbatical year because of his health, realizing 
that further knowledge of mathematics was 
necessary to prosecute some of his investiga- 
tions, he literally plunged into this subject 
with youthful vigor. The year of convalescence 
proved very profitable. Not having had any 
formal instruction in higher mathematics dur- 
ing his undergraduate days, he was able to 
instruct himself in subjects of higher algebra, 
analytical geometry and the calculus with the 
aid of books and the refreshing atmosphere of 
his farm which he loves so much. Few men in 
medicine would have made such an attempt 
and fewer still would have succeeded. 

This thoroughness and studiousness are well 
illustrated in his non-medical interests. Many 
years ago while working in the British Heart 
Hospital during the First World War, like 
many men in the service, he found a good deal 
of spare time on his hands. A fellow medical 
officer introduced the game of chess into the 
group and taught Wilson, who had never played 
the game, a few of the elementary principles. 
In a short while Wilson appeared with several 
books on chess and began studying them. 
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Before long he became the master of the game 
and could outplay his teacher and the other 
members of the group. While in England work. 
ing in close association with Sir Thomas Lewis 
whom he greatly admired, he developed an 
interest in bird photography, a hobby that Si: 
Thomas had enjoyed. This gave Wilson a grea 

deal of joy during the subsequent years an 

enabled him to collect an elaborate variety o 
photographs of various birds and their nest 

and eggs. In this avocation he and his devote: 

wife have spent many happy days. 

There is a lighter aspect of his character tha 
only his intimates have had the privilege to 
know. Many friends have shared the rustic 
warmth of Wilson’s farm. Here, one could sec 
beyond the academic and erudite exterior : 
lively interest in wholesome pleasures. Wor 
clothes, new ideas, simple living, searching ex 
change of thoughts were part of the fare at the 
Stockbridge Farm. Nothing would delight hin 
more than to have the group join in song 
around the piano and try out their lusty voices 
in singing favorite tunes. At these moments 
science was forgotten and art was in the as- 
cendency. 

Dr. Wilson has a faculty of gaining strong 
friendships, which have always meant a great 
deal to him. He has no interest in pomp or 
ceremony and prefers the solid virtues of truth 
and frankness. In this way he has endeared 
himself to many. The innumerable physicians, 
American and particularly foreign, who have 
visited him at his laboratory and worked with 
him, will ever feel indebted to him for his 
patience and his efforts, often extended at great 
personal sacrifice. It must be that he regards 
his function as a teacher and investigator to be 
a compelling motif. 

Friends here and abroad extend their best 
wishes to him on his sixtieth birthday and to 
his dear wife who has so wisely aided him, and 
express their hitherto unspoken affection to 
him by publishing this festschrift in his honor. 


SAMUEL A. Levine, M.D. 


An Integrating Circuit for Measurement of the 
Areas of the Waves in the Electrocardiogram 


By FRANKLIN D. Jonnston, M. D., Ricoarp McFeExs, M. S., 
AND J. MARION Bryant, M. D. 


An electronic circuit capable of integrating the electrocardiogram is described. The net areas of the 
QRS complex, the T wave and of the entire ventricular complex, QRS-T, in the standard leads may 
be estimated by measurement of the length of two vertical lines in each of the integrated records. The 
manifest areas of QRS, T and the gradient (QRS-T) with the orientation of these vectors are easily cal- 
culated from the data. An example of an integrated electrocardiogram is reproduced, and the 
procedure for estimation of the gradient is presented. 


INTRODUCTION 


QUICK and accurate method for the 

estimation of areas of certain deflec- 

tions in the electrocardiogram has been 
needed since 1931 when Wilson, Macleod, and 
Barker' outlined the concept of the ventricular 
gradient and pointed out that it may be cal- 
culated if the net areas of the QRS complexes 
and T waves in any two of the standard limb 
leads are known. Various methods, all time con- 
suming or subject to considerable error, have 
been used for the measurement of these areas, 
and we believe that the circuit to be described 
will be helpful to any physican or investigator 
who is interested in the ventricular gradient. 
An electronic integrator has been under in- 
vestigation in this laboratory for several years, 
and recent simplifications have placed the out- 
fit on a practical operating basis. 


METHOD 


The circuit employed for integration of the elec- 
trocardiogram is shown in Fig. 1. The integrator it- 
self is diagrammed in detail and a great deal need not 
be said here concerning its construction or operation. 
When the push button switch (S) is pressed, the 
variable contact moves to the integrating position 
(A), the condenser, C, will charge, and a voltage 


idt : : : 
(z = et) that is proportional to the integral of 


the electrocardiogram appears across its terminals. 
To record this voltage, as we have done, with a 





From the Department of Internal Medicine, Uni- 
versity of Michigan Medical School. The studies upon 
which this article is based were made with the aid of 
grants to Dr. F. N. Wilson from the 8S. 8S. Kresge 
Foundation and the Horace H. Ratkham School of 
Graduate Studies. 


string galvanometer, the circuit must be arranged so 
that no current is drawn from the condenser, and 
this is the purpose of the double triode, the 6SL7. 
When the push button is not depressed the con- 
denser, C’, is short circuited, and a very small frac- 
tion of the output of the preamplifier is supplied to 
the input of the triode and on to the string. Thus, 
the string galvanometer records the electrocardio- 
gram except when the integrating switch is depressed. 
The network of resistances with the battery is a 
balancing arrangement, and by proper adjustment 
of the coarse and fine controls the base line of the 
integrated curve (T—P interval) is made as nearly 
motionless as possible, before a record is actually 
taken. 

Since vertical displacements in the integrated 
electrocardiogram are proportional to corresponding 
areas in the electrocardiogram itself, it is desirable, 
if possible, to record the two simultaneously. Most 
two-channel electrocardiographs may be used for 
this purpose, but we prefer to record the integral 
curve with the string galvanometer and have used 
the Cambridge Simplitrol Electrocardiograph with 
the mirror galvanometer (ordinarily used for sound 
tracings) to record the accompanying electrocardio- 
gram. Since this galvanometer is rather insensitive, 
two double triodes, 6SN7, connected in parallel and 
arranged as indicated in figure 1, are employed to 
drive it. 

The diagrams in figure 2 show in simplified form 
the type of records that are obtained and illustrate 
the way to measure the areas of QRS and T waves 
from the integrated record. In the ideal case shown 
in figure 2A the T-P intervals are horizontal, and 
the measurement is very simple. If the T—P intervals 
slant, as shown in figure 2B, due to imperfect balanc- 
ing, the areas may be estimated again from the 
length of vertical lines, drawn in this instance from 
the slanting lines parallel with the T—P segment. 
Measurements in either situation will not give an 
accurate estimate of the areas unless complexes are 
selected where the inclination of the T—P intervals 
is essentially constant for several heart beats. We 
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have used a transparent ruler with fine graduations Ashman units by a simple standardization. The ob- 
(;) inch) to measure the vertical displacements vious way to accomplish this is to introduce into the 





To heaters 
of 6SN7 
Fic. 1. Wiring diagram showing integrator and associated circuits. See text. NOTE: The wires 
should not be electrically connected at the point marked X. The high voltage supply for the 6SL7 
should be +200 volts and not 270 volts. 
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Fic. 2. Schematic diagrams illustrating how net areas of the QRS complex and the T wave may be 
obtained from integrated electrocardiograms. See text. 


that represent the net areas of the QRS complex and input of the preamplifier a fraction of a millivolt for 
the T wave, but these areas, expressed in arbitrary a known period of time. This produces in the elec 
units, can be converted to microvolt seconds or trocardiographic record a known area, in microvolt 
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seconds, and the vertical displacement simultane- 
ously observed in the integrated tracing is thus easily 
expressed in the desired units of area. It is possible 
to simplify the standardization procedure further. A 
constant ratio exists between the sensitivities of the 
circuit in the integrating (switch S depressed) and 
non-integrating positions. This ratio can be de- 
termined by experiment, and when it is known, the 
vertical displacements in the integrated curve are 
easily converted to areas in microvolt seconds. For 
our integrator the relationship is as follows: 


Deflection per microvolt second 
(Integrated curve) 


Deflection per millivolt 
_ (Nonintegrated curve) 
™ 43 


This means that areas in microvolt seconds = K 
multiplied by the areas as measured in arbitrary 
units, where 


48 
> + 
~ Deflection per millivolt (Nonintegrated Curve) 


The preamplifier shown in figure 1 must have a 
voltage gain of approximately 50,000, very good 
stability, and be designed so it will amplify the elec- 
trocardiogram with reasonable fidelity. 


certainties regarding the position of the baseline), 
the calculations do not ordinarily check as they 
should, and in order to minimize and distribute these 
errors, the figures are adjusted by a simple calcula- 
tion. The correction to be applied to each of the 
areas is very easily gotten, and the adjusted areas 
may be defined as follows: 


f= 1 —f/S0 
II, =11 +1/84 
II, = TII —1/8a 
where = I+ I1II —II 


TABLE 1 


; COMPLEX I II Il | | Is 
QRS 11.7 18.0 | 8. 
QRS-T 26.0 37.0 |14. 
T 114.3 |19.0 | 6. 


10.9 |18.8 | 
7 |24.8 |38.2 |13. 
.3 |13.9 |19.4 | 5. 


| 


COMPLEX 


M(units) 


QRS 26.7 |15.4 |10.9 |18.9 
QRS-T [51.6 29.8 |24.8 38.8 | 
, 24.9 |14.4 |13.9 [20.0 


oo 
~I 





| 


Fie. 3. An illustration of integrated electrocardiograms taken with the arrangement described. 
The standardization record is mounted to the right of the limb leads. See text. 


Figure 3 illustrates the standard leads and the 
accompanying integrated records taken on a sub- 
ject with a normal electrocardiogram. Reference is 
made to this figure and to table 1 in the description 
of the procedure, included below, for calculation of 
the gradient. 

The lengths of the vertical lines labelled A and B 
represent the net areas of QRS and QRS-T in the 
three leads, and the actual measurements (made in 
)0ths of an inch) are indicated in the table in columns 
[, II and III. The figures for the areas of the T 
waves are gotten by subtracting the areas of QRS 
‘rom those of QRS-T. Since Einthoven’s law must 
be true for net areas over a given interval, as it is 
for instantaneous deflections, the figures representing 
the areas of QRS, T and QRS-T in Lead II should 
equal the algebraic sum of those in Leads I and III. 
Due to errors of measurement (usually caused by un- 


The values for A are given in the table, and the ad- 
justed areas are listed in the appropriate columns. 
It will be observed that the adjusted areas for QRS, 
QRS-T and T fulfill Einthoven’s law. 

When the adjusted areas are available, calcula- 
tions of the manifest value of QRS, T and QRS-T 
and the direction of these vectors (angle a) may be 
made in several different ways, following the prin- 
ciples that have been used for years for estimation 
of the manifest electrical vector at any instant of 
time. We have done this by determining the hori- 
zontal (H) and vertical (V) components of the vec- 
tor in question and then by using the following ex- 
pressions to determine the magnitude of the force 
and its orientation: 


Magnitude = ~/H? + V2 
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H 


a “ “= i 
whereH =Iqg and V= Ia + MT a all 


V3 V3 
These quantities have been calculated and are shown 
in the table. The values for the angle a are inde- 
pendent of units used in measurement of the areas 
and need no adjustment. To express the magnitude 
of the vectors in microvolt-seconds instead of arbi- 
trary units of area, the method outlined in an earlier 
paragraph is employed. The factor, K, by which the 
areas must be multiplied to convert them to micro- 
volt-seconds is here 43/23.5 = 1.83, where 43 is a 
constant of the integrating circuit determined by ex- 
periment and 23.5 is the deflection of the string 
shadow when 1 millivolt is introduced into the input 
circuit of the pre-amplifier and the integrating but- 
ton is in the neutral (non-integrating) position. This 


Direction (angle «) = arctan 


> 40uVs. «-0° 


QRST 


Fig. 4. Graphic representation of the vectors QRS, 
QRS-T and T for the electrocardiogram presented in 
this article. See table 1 and text. 


standardization is shown in figure 3 with the limb 
leads. The magnitudes of the vectors QRS, QRS-T 
and T expressed in microvolt-seconds and also in 


: microvolt-seconds : : 
Ashman units { — 4 will be found in 


the table. These vectors are shown graphically in 
figure 4. They are plotted with reference to a hori- 
zontal line (angle a = 0°) and their size is propor- 
tional to the dotted horizontal line which represents 
40 microvolt-seconds (10 Ashman units). 


DISCUSSION 


The circuit and technic described above 
for estimation of the gradient have been em- 
ployed with over one hundred patients, and we 
are satisfied that the method saves enough 
time and is sufficiently accurate to justify its 
use in a laboratory where it is desired to de- 
termine the gradient for a large number of 
electrocardiograms. 

The most troublesome problem that arises, 


irrespective of the method one may use to esti- 
mate the net areas of QRS and T, is to decide 
where the baseline should be located. Careful 
inspection of many electrocardiograms reveals 
that the baseline (T-P interval) is not a 
straight horizontal line, and in the integrated 
records these difficulties are multiplied. We 
have no ready solution for this problem but 
think some generally accepted arbitrary 
method for placing the baseline may be neces- 
sary. Another situation that often complicates 
the use of the integrator arises from slow fluctu- 
ations of the “skin potentials.” It is usually 
easy, with the integrating circuit we have de- 
scribed, to adjust the balancing resistances so 
that the T-P intervals of the integrated record 
are represented by horizontal or nearly hori- 
zontal segments for a few cycles but rarely 
does this baseline retain a horizontal or other 
constant position for more than a few seconds 
at a time. 

The foregoing difficulty might be minimized 
by the use of a preamplifier with a time con- 
stant sufficiently long to pass the low frequency 
components of the electrocardiogram without 
significant attenuation and short enough to 
block out very low frequency drifts that may 
lead to fluctuations of the baseline. There are 
objections, however, to the use of a resistance- 
condenser coupled pre-amplifier, particularly 
one with a relatively short time constant, and 
at the moment we are using a differential am- 
plifier capable of direct current amplification 
designed by one of the authors (Richard Me- 
Fee). Incidentally, after the apparatus has been 
turned on for a sufficient period (fifteen to 
thirty minutes), there is great stability, and 
drift due to the pre-amplifier and associated 
circuits is negligible. 

Because of the chance that part, at least, of 
the variable “skin currents” that have proved 
so troublesome to us are not due to variable 
electromotive forces arising beneath the sur- 
face of the skin but are due to slight differences 
between the electrodes, we are planning to in- 
vestigate this possibility.* Should the use of 





* An electrical engineer who has designed a cath 
ode-ray electrocardiograph with a D.C. differentia 
amplifier has been able to practically eliminate lo. 
frequency drifts by the use of special electrodes. Th: 
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special electrodes eliminate all or most of the 
low frequency drift, the value of the integrator 
we have described will be considerably en- 
heneed. 


CONCLUSIONS 


1. A circuit for integration of the electro- 
cardiogram is described, and the method by 


au‘ hors, unfortunately, cannot remember the name 
and address of this individual but wish to give him 
credit for the idea. 


which the gradient may be estimated is out- 
lined in detail. 

2. Low frequency shifts of the baseline which 
are not constant for any great period of time 
are the most troublesome problem encountered 
in the use of the apparatus. Special electrodes 
may aid in the elimination of this difficulty. 
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Intracardiae and Intravascular Potentials 
Resulting from Electrical Activity of 
the Normal Human Heart 


By Cuarues E. Kossmann, M. D., Apotpu R. Bercer, M. D., Berroa Raper, M. D., 
JosEPH Brumiik, M. D., Stantey A. Brititer, M. D., ann Joun H. DoNNELLY, M. D. 


Electrical records were made from the interior of the right heart and attached vessels in 14 normal 
subjects. Technics differed somewhat from those previously reported in that simultaneously record- 
ing string galvanometers were used exclusively, and tracings were made whenever the catheter- 
electrode was moved within the heart. Previously unreported large positive QRS deflections were 
found in records from the lower part of the right atrium, from the pulmonary artery, and in two 
instances from within the right ventricle itself close to the base. The possible anatomical origin of 


these is discussed. 


EVERAL papers'”® are available on the 

nature of the electrical records obtained 

from the interior of the human heart. 
The additional verbal reports being made with 
increasing frequency attest to the interest in 
the possible answers these records may supply 
to many questions in fundamental electro- 
cardiographic theory. 

Intracardiac leads in man were begun in 
this laboratory in 1946. This report is con- 
cerned with the findings in 14 subjects with 
normal hearts as determined clinically. Em- 
phasis will be placed on those aspects of our 
studies which differ from or supplement those 
previously reported. 


Meruops 


The catheters* used were 100 em. long and ranged 
in caliber from 6 F to 9 F. They consisted of a core 
of fine copper wire connected at the distal end to a 
silver electrode and at the proximal end to an 
ordinary electrical plug. All of the wire and the 
proximal, flanged end of the electrode were encased 
in specially impregnated radiopaque nylon or silk. 
The exposed tip of the electrode was 3 mm. in 
length. In early experiments this was coated with 

From the Department of Medicine, New York 
University College of Medicine, and the Adult 
Cardiac Clinic, Third (N.Y.U.) Medical Division, 
Bellevue Hospital, New York. 

This study was aided by grants from the New 
York Heart Association and the Knapp Foundation. 

* Manufactured according to specifications by the 
U. S. Catheter and Instrument Company, Glens 
Falls, New York. 


silver chloride but the coating was later discovered 
to be unnecessary with the electrical circuit used in 
recording. “Springiness” of the catheter could be 
modified by changing the caliber of the copper wire 
core. 

Actual introduction of the catheter into the heart 
was by technics previously described.2-' We have 
found the left median basilie vein the best point for 
insertion for two reasons: (1) the curve described 
by the left subclavian and innominate veins, the 
superior vena cava, and the right atrium seems to 
favor easy entrance of the electrode into the right 
ventricle and pulmonary artery; (2) an opportunity 
is afforded to explore the interior of the thorax along 
the veins mentioned. 

Electrocardiograms were made with two Hindle 
string galvanometers* recording simultaneously. In 
circuit with the first (upper string shadow in all 
illustrations) was an originally designed single stage 
amplifier with balanced plate circuit. This amplifier, 
which maintained an output impedance match of 
2000 ohms with the string at all times, had a fre- 
quency response which was flat from 0 to 100 eps 
when used with the string under conditions simu- 
lating those of the experiments (Fig. 1).¢ No reso- 

* Cambridge Instrument Co. Models No. 2 and 
No. 3. 

+ This desirable frequency feature of our recording 
instrument may explain some of the differences in our 
records when compared with those previously pub- 
lished. The latter, with few exceptions‘: 5» 7-8 have 
been made with oscillographic types of instruments 
the sinusoid voltage response of which is known to be 
100 per cent of the equivalent square wave respons® 
only between 12.5 and 25 cps. The former is the mini- 
mum natural frequence of an electrocardiograp! 
defined in a somewhat different way by Lewis and 
Gilder’ although it is noteworthy that all of Lewis’ 
experiments were done with an instrument the 
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nint peaks were discovered following the input of 
snusoid voltages up to 300 cps. Actually only the 
Just ten patients were studied with this circuit. 
\ith the first four (JRu, JNe, MSh, and JCo) an 
«mplifier with less desirable characteristics was used. 
Its principal defect was a resonant peak in the 


AnpuTuve (PER CENTAT O CPS) 


as 


stroke of S sometimes encountered in leads from the 
base of the right ventricle. This was easily recog- 
nized. Such deflections were omitted from the few 
calculations made on the leads of these four patients. 

The second electrocardiograph was used in the 
ordinary way to record a variety of external leads 


(0 So 
Freavency (ces) 

Fic. 1.—Amplitude-frequency characteristics of the galvanometer used with an amplifier to record 

the intracardiovascular potentials. String tension was regulated to simulate usual experimental con- 


200 300 100 500 


ditions (1 mv. = 0.5 ecm.). Constancy of voltage output (3.4 mv.) of the oscillator (Hewlett Packard 
Model 202B) was checked with a Dumont oscilloscope type 250 utilizing DC amplifier only, and cor- 


rections made if deviations occurred. 


range 50 to 60 eps. This occasionally resulted in 
considerable exaggeration of the notch on the down- 


natural frequency of which was ‘approximately 
100-200 (cycles) per second under ordinary working 
conditions.’’!4 Einthoven!® specified that an instru- 
ment having a rise time (deflection time) equal to 
0.01 second for a 1 em. rise (equivalent to a frequency 
of 25 eps) would have an adequate frequency band- 
width for cardiographic recording. Holzer,!* on the 
basis of studies on standard leads, has established a 
flat frequency response to 200 eps as a requirement of 
1 instrument. Reid and Caldwell,!? by a Fourier 
analysis of normal standard leads, discovered some 
in.portant frequency components up to 125 eps. 

We have observed intracardiac deflections with a 
frequency in excess of 60 cps with the string galva- 
iometer and amplifier used. Such deflections will be 
vseured or completely unrecorded by the oscillo- 

aphic instruments referred to, and others will be 
«saggerated if resonant peaks exist in the frequency 
response curve. The ideal recorder for intracardiac 
potentials is not certain but from these data it would 
seem undesirable to have its natural period longer 
‘han 0.01 second. 


as desired (lower string shadow in all illustrations). 
The extremity, precordial (Leads V, to V¢), ex- 
ternal thoracic (Leads Vs, Vs, Vir, Ver, and some- 
times others*) and intracardiac potentials were ob- 
tained by connecting one end of the string to the 
central terminal of Wilson, Macleod, and Barker. 
The circuit was ,arranged to augment extremity 
potentials.° The galvanometric connections were 
so made that in the finished tracing a downward | 
deflection represented relative negativity of the ex- 
ploring electrode. 

The string sensitivity used was quite variable, 
especially for the endocardial leads, and is indicated 
on each illustration. 


At first the intracardiac potentials were re- 
corded from random locations in the heart. 
As teamwork improved we attempted to place 
the electrode initially in the pulmonary artery 
or one of its branches, usually the right. Its 


* Chest position 8 was in the left midscapular 
line; B, in the midline posteriorly. Both were at the 
same horizontal level as position 5. 





12 INTRACARDIAC AND INTRAVASCULAR POTENTIALS 


frontal projection was determined with the 
central ray of the fluoroscope and the point 
was marked on the chest. It was customary to 
record this intra-arterial potential first with 
Lead I, then with a precordial lead when the 


i 


cordial lead, and this whole procedure repeated. 
By this means it was usually possible to explore 
quite thoroughly the right pulmonary artery; 
the pulmonary stem; the conus, outflow tract, 
apex, inflow tract and tricuspid region of the 


Fig. 2.—Teleroentgenograms of four normal subjects. The identifying initials are in the lower left 
hand corner of each illustration. The single circles with a figure within indicate the approximate loca- 
tion of the intracardiac electrode at the time the electrocardiographic record was made. A double 
circle with a figure enclosed indicates that the electrode was in the pulmonary artery or its right 
branch. In patient APy, point 4 was directly under precordial lead V3. In each instance the location 
of the electrode when recording precordial leads V; and V; is shown for comparison. 


exploring electrode (3 cm. in diameter) on the 
chest was directly over the internal electrode. 
Thereafter the electrode was slowly withdrawn 
several centimeters as a continuous electro- 
cardiographic record was being made. The new 
location was checked fluoroscopically, records 
were made again with Lead I and with a pre- 


right ventricle; all levels of the right atrium; 
the superior vena cava; and the left innominate, 
subclavian and axillary veins. In addition, it 
was possible to obtain records during transit 
between the pulmonary artery and right ventri- 
cle, the right ventricle and right atrium, and the 
right atrium and superior vena cava. Althoug' 
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i! was usually easy to identify such transitions 
electrically, there were occasions when pressure 
‘racings would have provided additional reas- 
uring information. 
Tracings were particularly difficult to make 
\vhen the electrode was in a vein. The string 
hadow was often distorted by fine oscillations 
of such type as probably came from electrical 
activity of the muscle in the venous walls. 


TaBLE 1.—Pertinent Data on 14 Patients With 
Clinically Normal Heart 


Diagnosis 


Patients | Age | Sex | Color* 


Subdeltoid bursitis 
| Pituitary neoplasm 
Lobar pneumonia, type 
| XII, convalescent 
Lobar pneumonia, type VI, 
| convalescent 
| Psychoneurosis; 
syphilis 
| Multiple sclerosis 
Bronchopneumonia, con- 
|  valescent 


JRu | 70 | W 
JNe |55|M| N 
MSh /|45|M] N 
JCo |49;|;M]} W 


JJa = | :56 | Ww latent 


| 43 Ww 
| 69 W 


|53/M | N 
| 49) M | WwW 


Grippe, convalescent 
Grippe, convalescent; la- 
tent syphilis 
Pneumococecus pneumonia 
and meningitis, conva- 
lescent 
Post-traumatic epilepsy 
| Cerebrovascular syphilis 
| Intermittent anomalous 
| A-V exeitation; lobar 
pneumonia, convalescent 
| Adenocarcinoma of pros- 
| tate. 


|58|M) WwW 


44|M| N 
|49|M|N 
| 521M] W 


61|M\|W 


* White or Negro. 


We have frequently encountered the positive 
displacement of the RS-T segment and the 
accompanying distortion of QRS which results 
from pressure of the intracardiac electrode on 
the endocardium.”° Comparable modifications 
lave also been seen in the atrial deflections. 
Usually such distortion of the tracing can be 
recognized; rarely it is difficult to detect. Un- 
‘ortunately, distorted records of this kind have 
ulready appeared in the literature as represent- 
itive of normal endocardial potentials. 

After the completion of an experiment, lead 
markers were placed on the skin at the various 
locations of the intracardiac electrode. A tele- 


roentgenogram was then made, in the beginning 
with the patient first recumbent and again 
standing, but later only standing. The reason 
for this was that little difference was found in 
the location of the markers on the x-ray films 
made in the two positions. Further, the films 
obtained with the patient standing were far 
better, and displacement of the markers was 
less likely to occur (Fig. 2). 

The clinical data pertinent to the 14 patients 
included in this report are incorporated in 
table 1. 

All measurements were made with the Elliott 
comparator manufactured by the Cambridge 
Instrument Company. The error of measure- 
ment with this device, when interindividual 
variations are excluded, is less than +0.003 
second. 


REcORDS FROM WITHIN THE 
PuLMONARY ARTERY 


In half of the 14 normal subjects studied, 
the exploring electrode could be placed in the 
pulmonary artery or its right branch. The 
records obtained during electrical activity of 
the atria and of the ventricles were quite vari- 
able as might be expected from the considerable 
length of the tributaries, and the variable rela- 
tions particularly of the right branch to the 
different chambers of the heart. These relations 
are summarized in the following paragraph 
from Morris’ Anatomy.” The italics have been 
put in by us to emphasize the relation of the 
pulmonary artery and its right branch to the 
left atrium, and, of the former to the left auricle 
as well. 


Anatomical Relations of the Pulmonary Artery 
and the Right Pulmonary Artery 


The pulmonary artery has a course of approxi- 
mately 5 cm. within the pericardium before divid- 
ing into the right and left branches. In front it is 
covered by the remains of the thymus gland and 
the pericardium. Behind it lies successively upon 
the ascending aorta and the left atrium. To the 
right are the ascending aorta, the right atrium, 
the right coronary artery, and the cardiac nerves. 
To the left are the pericardium, the left pleura 
and lung, the left auricle, the left coronary artery, 
and the cardiac nerves. 

The right pulmonary artery passes almost hori- 
zontally under the arch of the aorta to the root of 
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the right lung where it divides into three branches, 
one for each lobe. In its course to the lung it has 
in front of it the ascending aorta, the superior 
vena cava, the phrenic nerve, the anterior pul- 
monary plexus, and the reflection of the pleura. 
Behind are the right bronchus and the termination 
of the azygos vein. Above is the arch of the aorta, 
and below are the left atrium and the upper right 
pulmonary vein. 


The nature of the atrial deflections observed 
in the right pulmonary branch depended on 
whether the exploring electrode was low or 
high in this vessel or one of its main tributaries. 


Fig. 3.—Patient JPHe. On the left above is a 
record made from a point high in the right atrium 
(VRAio), and on the right above a record made from 
within the pulmonary artery (VpPa;) just above the 
pulmonic valve. Both were made at the same string 
sensitivity (1 mv. = 0.5 cm.), and both with the same 
simultaneous lead (I, lower records). Features of the 
P wave are to be noted, particularly the small Ra 
and the broad slurred Sa in the lead from the right 
atrium, and the notched, slurred Ra and sharp, 
brief Sa in the lead from the pulmonary artery. The 
figures indicate the time at which the intrinsic deflec- 
tions crossed the baseline, regarding the first as zero. 
The figure of 0.075 sec. obtained in the lead from the 
pulmonary artery is ascribed to the late excitation of 
the left auricle (appendage) which is close to the 
electrode in this location. Time lines occur every 0.2 
sec. 


When the electrode was low the initial part 
of the accession process’ consisted of a mod- 
erately late positive deflection (‘extrinsic de- 
flection” of Lewis,” “e” of Hurst Brown,™ 
‘a,’ of Macleod”); when the electrode was 
high the principal part of the accession process 
was negative, and the extrinsic deflection ter- 
minated early. This is approximately what one 
would expect in the light of existing theories 
if the electrode were close to the sinoatrial 
node when high in the pulmonary artery, and 
close to the inferior end of the right atrium 
when low in one of its tributaries. 


In the pulmonary artery the initial atrial 
deflections varied greatly from predominantly 
negative to predominantly positive. In the one 
latter instance (patient JPHe, Fig. 3) the end 
of an easily recognized extrinsic deflection was 
quite late, almost at the end of the P wave in 
Lead I, suggesting that the electrode was being 
affected by the left atrium or auricle (append- 
age) which are in close proximity to the pul- 
monary artery. 

The nature of the ventricular deflections varied 
also. In the right branch these were usually 
similar to comparable deflections in the lead 
from the right arm, with minor variations. 
The combinations observed were rSr’, QR (with 
slurred, broad R); QS (with one or several 
notches), or rS. The T wave in all of these was 
inverted. 

In the pulmonary artery the combinations 
observed were rSr’, rS (with S notched), qRs, 
rsr’s’, and rsR’. The complex, rSr’, when pres- 
ent, simulated the initial ventricular deflections 
in Lead aVpz (and presumably in Lead Vg); rS 
simulated what was found in leads from the 
greater part of the right ventricular cavity. 
The qRs was not unlike the ventricular deflec- 
tions recorded in the same patient (SAt, Fig. 
9) from the lower part of the right atrium, 
and rsR’ in the one patient in which it was 
encountered (patient APy, Fig. 4) was similar 
to potentials recorded from the conus and the 
tricuspid areas of the right ventricle, and from 
the lowest part of the right atrium (see below). 
In the one instance (patient PAq, Fig. 5) of a 
quadriphasic record (rsr’s’) unusually high posi- 
tive QRS deflections were encountered in the 
tricuspid region of the right ventricle, and in 
the lower part of the right atrium. Further 
reference will be made to these important posi- 
tive deflections later. The T wave in all the 
records from the pulmonary artery was in- 
verted. 

These data may be summarized as follows: 
the nature of the galvanometrie deflections 
encountered as a result of action currents in 
atrial and ventricular muscle are more variable 
when recorded from the main stem than froia 
the right branch of the pulmonary artery. In 
the former the atrial deflections are apparently 
determined by the relative closeness of the 
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Fic. 4.—Patient APy. A variety of internal and external leads recorded simultaneously with 
Lead I (I), or with a lead (Vp) taken with a precordial electrode directly over the intracardiovascular 
electrode. The records in the first two rows have been arranged approximately in the order of their 
occurrence as a line is followed on or in the thorax from the right arm to the left side of the precor- 
dium. Each lead is indicated by the symbol V followed by a subscript of letters and a number. The 
letters indicate the structure from which the lead was made. The number corresponds to the number 
of the intracardiac point as seen in figure 2. For example: Vsyc; means potential of the superior vena 
cava at point 5; Vrpaz, potential of the right pulmonary artery at point 2; Vrvi, potential of the right 
ventricle at point 1; Vra, potential of the right atrium at an unknown location. The number written 
at the right end of each trace denotes the sensitivity of the string at which it was recorded. If left 
blank it means that the sensitivity of the string was normal (1 mv. = 1 em.). Time lines occur every 
0.2 sec. : 

The remaining numbers on the records indicate the time of the adjacent QRS deflection with re- 
spect to the beginning of QRS in Lead I. Those waves which are simultaneous with the large positive 
deflection encountered in leads Vay: and Vrys; at the base of the right ventricle are underlined. In 
contrast to records of other patients (Figs. 5 and 6) the wave under consideration in lead Vsvce is a 
negative notch on the ascending limb ofS, and cannot be identified at all in leadaVr. The intraventric- 
ular leads differ from others, too, in the occurrence of a positive T wave in leads Vay: and Vrys. 

The lowest row shows a continuous record made simultaneously with Lead I as the electrode was 
withdrawn rather rapidly from the apex of the right ventricle through the tricuspid orifice into the 
right atrium. The time of the S wave at the apex of the right ventricle (first complex) is almost identi- 
cal with the time of the positive deflection seen as soon as the electrode has entered the right atrium 
(third complex). Location of the electrode in the latter chamber at the time is deduced from the 
initial occurrence of a diphasic P wave in the record. 


upper part of the right atrium or auricle on may simulate those seen in the lead from the 
the one hand and the left atrium or auricle right branch and hence the lead from the right 
on the other. The initial ventricular deflections arm. However, in three of seven instances late 
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g eee: 
Pree 


Fic. 5.—Patient PAq. Records have been arranged much as in Fig. 4, and symbols and figures have 
the same significance. 

In this record the large positive deflection in the lower right atrium (Vaz) and in the tricuspid 
region of the right ventricle (Vrv«) consists of two peaks, 0.036 and 0.051 sec. after the beginning of 
QRS in Lead I. The analog in vascular andsurface leads (aVr, Vsvcs, Vrrpai, Vrpaz, Vpasz, Vras, and V5) 
has a time of 0.046 or approximately the mean of the previous two figures. 

To be noted is that the deflection in question in a precordial lead (Vp) over point 1 (Vrpa:) is posi- 
tive and over point 2 (Vrpaz) it is a positive notch on the S wave, but in leads farther to the left 
(Vp of Vpas, not shown, and Vraz) it is negative. Reference to Fig. 2 will demonstrate that points 1 
and 2 are quite far to the right at the level of the third rib, while the remaining points may be re- 
garded as closer to the region of the pulmonic conus. 

The small deflection in the middle of the P-R segment of lead Vraz is probably a second intracardiac 
defiection with origin in a remote part of the atrium (see Fig. 10). 

The lowest row shows a continuous record made as the electrode was withdrawn from the pul- 
monary artery (Vpa;) into the conus (Vrya, last complex). Standardizations (1 mv. = 0.4 em.) distort 
the third complex. The change of the late positive to a completely negative deflection is easily seen. 
The simultaneous lead is Lead I. 


positive QRS deflections of relatively large size 
were encountered, and these were usually ac- 
companied in the same subject by similar late 
deflections in leads from the interior of the base 
of the right ventricle or from inferior levels of 
the right atrium, and had recognizable counter- 
parts in external leads to be considered below. 


PHENOMENA OBSERVED WITH ContTINuOUS RE- 
CORDING WHILE MoviING THE ELECTRODE 
FROM THE PULMONARY ARTERY TO THE CONUS 
OF THE RIGHT VENTRICLE 


In six instances a record of the intracardio- 
vascular potential was made simultaneously 


with Lead I as the electrode was slowly with- 
drawn from the pulmonary artery to the pul- 
monary conus of the right ventricle. The change 
observed was sometimes abrupt, sometimes 
gradual. In the latter instance it was not pos- 
sible to say exactly when the electrode had 
entered the right ventricle. 

The changes seen were those involving the 
P wave, the QRS-T, premature systoles, the 
development of an ectopic rhythm, and the 
occurrence of S-T elevation as the electrode 
made pressure on the ventricular endocardium. 

If the P wave was originally inverted in the 
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pulmonary artery, it became shallower, iso- mal parts of the catheter in the right atrium. 
electric or slightly diphasic in the right ventri- An irregular ectopic rhythm and premature 
cle. If it was diphasic to begin with, the wave systoles of ventricular origin were each seen 
would become isoelectric. once. In the former instance when the rhythm 
If the QRS was originally the rS or rSr’ type, stopped spontaneously the intraventricular ac- 
the r would become more prominent, the § tion potential was found to be distorted by an 
deeper, and the r’ would become a negative elevated S-T segment (“injury potential,’’*:” 
peak on the ascending limb of 8. T also became “demarcation potential’”*). 
deeper. The voltage of all deflections was quite : 
variable (Table 2) but in this transition (pul- RECORDS FROM WITHIN THE RicuT VENTRICLE 
monary artery to conus) it increased approxi- From the first few experiments in which the 
mately twofold. electrode was placed in random fashion in the 
In two instances the change in QRS was normal right ventricular cavity, it was our 
quite striking in that a large positive deflection impression, as reported by others?-‘: 7: ™. that 
appeared in the ventricle with a positive T the right intraventricular deflections during 











TABLE 2.—Size of the RS (or QR) Deflection in Various Leads of 14 Patients without Heart Disease as an Index 
of the Relative Size of the Voltages Developed within the Right Heart and at the Surface of the Body (in tenths of 
a millivolt). 


























Lead I m | wt | aVr | aV; | aVe | vi - Ve | Vs | ve | ve | ve | ve | Ve | Va 
easel es = zag | : —|- = eae Sea Fae eae ass 

Min. 2.0 4.0 2.0 oO eh | 2 4.0 | 6.0 | 10.0 | 14.0 | 9.0 6.0| 4.0} 2.0} 2.0 
Max. 14.3 | 36.0 | 13.0 | 18.0 | 10.0 | 17.0 | 38. 0 | 50.0 | 42.0 0 44.0 | 28.0 | | 24.0 | 54.0 | 20.0 | 10.0 
Mean os 5 | 7 | 6.7 9.0 | 4.4 Tet keel | 22. 0 | 21.0 | 25.5 | 18:3.) Hee | 1S0 | 7.2) 4.2 
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Sapo | Right | poe eee | Left 
Lead Vena = | Artery High | ‘as i | Conus | Catton | Apex | Inflow cuspid Vein” 
| | - Scere a celica a Mee ice eetoeci 

Min. 4.0| 7.0 | 12.5 2.5) 8.0 9.0 | 13.0 | 24.0 | 43.0 | 36.0 | 26.0 | 26.0 | 2.0 

Max. 23.3 | 20.0 | 28.0 | - : 30.0 | 29.0 | 90.0 | 120.0 | 230.0 | 200.0) 47.5 | 8.0 

Mean 13.8 | 13.3 | 21.3 | 166°] 18.7 |. 17.8 | 48.1 | 71.8 | 100.5 | 66.5 | 33.0 | 5.2 
wave. One of these patients displayed anoma- ventricular excitation consist of a small R, a 
lous atrioventricular excitation®® at times; the deep S, and an inverted T wave. Some notch- 
other was a woman, 69 years old, but with no ing or slurring of either of the first two de- 
clinical or electrocardiographic evidence of flections occurred, 4nd it appeared that only 
heart disease (Fig. 4). The composition of QRS minor variations ‘n this record resulted from 
in these differed one from the other. In the first placement of the electrode in different parts 
it was qRS and in the second it was rsR’. of the chamber. It was only when we began to 
In four of the six instances a characteristic use a technic of continuous recording as the 
change in P and QRS occurred at the same time electrode was moved either within a vessel or 
as the electrode entered the right ventricle; chamber, or from a vessel to a chamber and the 
in one instance all deflections were obscured reverse, that considerable variation in the 
by the development of an irregular ventricular records was encountered, particularly at the 
rhythm; and in another the exact time of base of the right ventricle in close proximity 
entry of the electrode into the ventricle could to either the pulmonic valve or the tricuspid 
not be determined electrically. valve. These may be seen in Figures 4, 5, 

Atrial premature systoles were observed once and 6. 

during movement of the electrode. It is likely With two exceptions the initial ventricular 


that they were produced by pressure of proxi- deflection in the right ventricle was positive. 
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The size of this R wave varied in different 
parts of the chamber. In some instances it was 
larger at the base than at the apex; in others 
the reverse was true. Between the region of 
the conus and the region of the tricuspid valve 
there were often considerable differences in 


record was not different from what was seen 
in the other patients. 

The initial positive deflection has been as- 
cribed to early depolarization of the left side 
of the interventricular septum.“ In general 
the area concerned is believed to be near the 


Fic. 6—Patient JRo. A variety of leads arranged as in Figures 4 and 5 in the lower two rows. 
The upper row shows the standard leads and the augmented extremity potentials (I, II, III, aVr, 
aV1, aVr). The simultaneous lead is Lead I or a point on the precordium (Vp) over the internal elec- 
trode. In this figure only the deflections simultaneous with the late positive deflection in the atrium 
(Vras and Vrag) are labelled with the figure 0.060, the time in seconds it occurred after the beginning 
of QRS in Lead I. In this instance the deflection in question was negative in all leads below the 
tricuspid orifice and on the front of the chest; it was positive in leads from the atrium, the superior 
vena cava, the pulmonary artery (not shown) and its right branch, and the right arm. Times of 
other QRS deflections may be found in Table III. The initial Qa wave in the auricular complexes of 
leads Vras and Vras preceded the onset of the P wave in Lead I by 0.002 sec. 


this deflection. When present, it was usually 
slurred or notched. 

The two exceptions were patients PAq and 
JPHe. The former showed a depression pre- 
ceding a large, late, notched R when the elec- 
trode was in the tricuspid orifice (Fig. 5, Vrve); 
the latter, already referred to, displayed a Q 
wave in leads from the pulmonary conus and 
from the apex but in the tricuspid region the 


base of this structure; the findings we have 
presented neither support nor deny this. The 
variables involved, such as the distance of the 
electrode from the endocardium, the curvature 
of the septum and consequent tangential effects 
of wave fronts, and others still unknown, make 
the precise origin, on the basis of these experi- 
ments, uncertain. 

The time of the R peak was early (0.004 to 
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0.024 second before the beginning of QRS in 
Lead I). It was usually simultaneous with an 
early R in Lead aVg; an R or a notch on its 
ascending limb in Lead V, or Lead V2; a Q 
wave in Lead I when present; a Q wave in leads 
from the left side of the precordium; an initial 
positive deflection recorded in the right atrium 
and in the pulmonary artery or its right branch 


played one or more distinct notches on its 
descending or ascending limbs. The latter has 
already been mentioned as being simultaneous 
with an r’ in a lead from the pulmonary artery 
(Fig. 6, Vrpa3 and Vpry4). A distinct notch or 
slur on the descending limb was often found. 
This was usually simultaneous with the peak 
of the R wave in leads from the left side of the 


TABLE 3.—Patient J Ro. Time in seconds of QRS deflections in all recorded internal and external electrocardio- 
graphic leads measured with respect to the beginning of QRS in Lead I. For locations of electrode when making the 
intracardiovascular records see teleroentgenogram labelled JRo in Fig. 2. Deflections of simultaneous occurrence 
and of probable identical origin are indicated by single or double underlining. 
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(Table 3). The tacit assumption is made that 
all of these deflections had the same origin, 
namely early excitation of the interventricular 
septum from left to right.* 

The S wave varied in depth and usually dis- 





*Simultaneity of deflections may be fortuitous. 
But if, in addition, they have a direction in multiple 
leads ascribable to a single spatial electromotive 
force, the likelihood of identical origin is very great. 








lz} [als 


010 | | .035 


precordium (Fig. 4, Vry, and V4), although 
not invariably so. For this reason this notch 
along with the descending portion of the S 
wave preceding it, was believed to be created 
by events occurring in the free wall of the left 
ventricle. 

The peak of the S wave varied in time in two 
principal ways. Sometimes it was simultaneous 
with the peak of the R wave in left-sided pre- 
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cordial leads (Table 3 and Fig. 6). In such 
instances there was usually a notch or slur on 
the ascending limb which had a time similar 
to the nadir of the S wave in the left precordial 
leads and the late R or R’ in lead aVp,. In 
others the nadir of S was simultaneous with 
the S wave in leads from the left side of the 
precordium (Fig. 4, Vprys and V4). These find- 
ings support the contention that the S wave in 
the right ventricular cavity is made up of 
several components, and its deepest portion 
has at least two different origins in different 
subjects. 

A late large R followed by an S wave was 
encountered in the upper ventricle of two pa- 
tients (PAq and JPHe). In both of these it was 
preceded by a Q (Fig. 5, Vays). In a third 
patient (APy) there was a large R’ preceded 
by an rs (Fig. 4). In this patient the R’ varied 
in size from moment to moment presumably 
‘aused by movement of the electrode. 

With two exceptions the T wave was nega- 
tive in the cavity. The two exceptions again 
were patients APy and JPHe. The former 
showed a large R’ and positive T wave at the 
basal region, although an inverted T wave was 
encountered at the apex (Fig. 4). The latter, in 
whom exploration was quite detailed, showed a 
positive T wave in all parts of the right ventri- 
cle except in the region of the tricuspid valve. 
This patient showed anomalous atrioventri- 
cular excitation intermittently and perhaps can- 
not be regarded as normal in the electrocardio- 
graphic sense. 

Since all of the patients with a negative T 
wave in the right ventricle displayed a positive 
T wave in the lead from a precordial point over 
the intraventricular electrode the conclusion 
would seem reasonable, though not absolute, 
that a gradient usually exists across the free 
wall of the right ventricle of such orientation 
as to suggest that repolarization takes longer 
on the endocardial than on the epicardial sur- 
face. 

Premature Systoles. As expected, premature 
systoles, both of atrial and of ventricular origin, 
were more frequent when recordings were made 
while the electrode was being moved in the 
heart. Undoubtedly they were caused by me- 
chanical stimulation of the walls by the catheter 


but it could not be assumed that the tip of the 
instrument was always the stimulating agent. 
It is true that ventricular premature systoles 
were more frequent when the electrode was in 
the ventricle, and atrial premature systoles 
more frequent when it was in the atrium. 
However, the reverse occurred, and of the two 
possibilities it was more usual to encounter 
atrial premature systoles while the electrode 
was still in the ventricle. Only once did the 
opposite set of events occur (patient JNe). 

The form of QRS of the ventricular extra- 
systoles was predominantly negative but this 
varied; the accession deflections of the pre- 
mature atrial systoles were always negative. 

There did not seem to be any particular 
region in which extrasystoles were more fre- 
quent since they were seen with the electrode 
anywhere. There was the impression that they 
might be a little easier to produce in the conus 
just below the pulmonic valve but this might 
have been more apparent than real. With the 
electrode in the pulmonary artery the catheter 
makes a rather sharp curve backward, to the 
left, and then to the right. As it is withdrawn 
into the conus the uncoiling process probably 
results in considerable pressure either on the 
free wall of the conus or on the adjacent inter- 
ventricular septum. The impression may be 
based on this variable. 

Ectopic Rhythms. These were seen in 3 pa- 
tients as the electrode was moved in the outflow 
tract. In two instances a rhythm indistinguish- 
able from anomalous atrioventricular excita- 
tion (Wolff-Parkinson-White syndrome)’ de- 
veloped, once while the electrode was still in 
the pulmonary artery, and once while being 
withdrawn through the right ventricle. These 
phenomena, which reawaken interest in the 
“double rhythm” theory of the syndrome,” 
have been reported elsewhere.*° 

In one instance runs of ventricular pre- 
mature systoles with coupling appeared after 
moving the electrode within the right ventricle. 

Demarcation or Injury Potentials. Elevation 
of the trace to a new level immediately after 
the inscription of the deflections resulting from 
depolarization was observed frequently in the 
ventricles. This displacement was always posi- 
tive in intracardiac leads, a fact ascribed by 
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current theory to a subnormal degree of de- 
polarization at the site of pressure by the 
electrode. However, the pressure could be such 
as to change the direction only of the normally 
inverted T wave and to prolong slightly the 
duration of electrical systole. In such instances 
it is probable that pressure and subsequent 
incomplete depolarization was sufficient to bal- 
ance or slightly overbalance the normal gradient 
in repolarization presumed to exist from endo- 
cardial to epicardial surfaces. Further, the more 
marked S-T elevations were accompanied by 
alterations in QRS occasionally of such ex- 
treme nature as to make the curve monophasic 
(Fig. 7) as described by others. 

The P wave in the right ventricle was usually 
a low positive deflection. At the base, both in 
the pulmonic and tricuspid regions, a diphasic 
nature could rarely be made out (one instance 
in each region). As expected the atrial regres- 
sion deflections were poorly recorded from 
within the right ventricle. 


RECORDS FROM WITHIN THE RicHtT ATRIUM 


Records were made from the right atrium in 
12 of the 14 subjects. With regard to the gross 
features of these records there seems to be 
fairly good agreement in available reports.”: *- 
7,9,10 The initial rapid or accession deflections 
are most often diphasic in character. There is a 
tendency for the initial positive wave to be 
larger as the electrode is placed farther from 
the sinoatrial node. However, with regard to 
the details of these initial rapid deflections 
and the presence or absence of others, there is 
some difference of opinion. Further, the true 
nature of the regression deflections in the hu- 
man atrium seems to have escaped most stu- 
dents of the subject. 

Atrial Accession Deflections. At the outset it 
must be kept in mind that the electrode in the 
atrium, as in the ventricle, may be at a variable 
distance from the endocardium with a variable 
amount of blood intervening.* Further it un- 


*In general the interval between the maximum 
and minimum peaks of the diphasice accession de- 
flections is greater than the actual interval which 
separates the source and sink of the doublet re- 
sponsible for them. This difference is greater the 
longer the distance between the electrode and the 


doubtedly is shifted from moment to moment 
by systole of the chamber and by movement of 
the blood. Both of these possible variables 
must be taken into account when making inter- 
pretations. 





Fig. 7.—Patient JCo. Leads from adjacent points in 
the right ventricle showing the ‘‘monophasic’’ dis- 
tortion which occurs (VRvi) when the electrode 
makes pressure on the endocardium. The similarity 
of the earliest parts of QRS in both records is to be 
noted. The simultaneous lead is I, recorded at some- 
what less than normal sensitivity with Vrve2. Time 
lines, 0.2 sec. 


The nomenclature available for atrial deflec- 
tions is multiple and unsatisfactory. Lewis* 
designated the initial deflections as extrinsic 


muscle.?* It has been demonstrated analytically and 
experimentally by McLeod”? that when the distance 
which separates the elements of the dipole is equal 
to or greater than the length of the muscle being 
studied it is accurately measured by the interval 
between the maximum and minimum peaks of the 
electrogram. In the only measurement of a similar 
kind made in an abnormal atrium of man*! on the 
assumption that the rate of atrial conduction was 
2000 mm. per sec. the length of the train of doublets 
of accession was calculated as 10 mm. and of the 
doublets of regression as 150 mm. If the usual figure 
of 1000 mm. per sec. is accepted as the rate of atrial 
conduction (and our later experiments to be reported 
favor this) these figures become 5 mm. and 75 mm. re- 
spectively. Since the distance of the electrode from 
the endocardium was unknown it is probable that 
either figure for the duration of increasing activity is 
too high, and that errors may be expected in the de- 
termination of this interval from the distance be- 
tween the two ends of the intrinsic deflection thus 
recorded. On the other hand the duration of the re- 
gression process, when measurable, is probably inde- 
pendent of the distance of the electrode from the 
endocardium because of its length. 
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and intrinsic depending on whether they were 
caused by electrical events distant from or im- 
mediately under the electrode in direct leads 
from the dog’s atrium. Although the term extrin- 
sic was used to describe a positive deflection pre- 
ceding the intrinsic one, it is possible to think of 
extrinsic effects on an exploring electrode of an 
electrically negative nature occurring after the 
intrinsic deflection. Hering® designated the de- 
flection resulting from the atrial recovery proc- 
ess as the Ta wave. Hurst Brown* on the 
basis of studies on esophageal leads recognized 
Sn, a, e, i, and o waves resulting from the 
atrial excitatory process. The Sn and a waves 
were negative deflections. The first, ascribed 
to sinoatrial activation, occurred quite con- 
sistently almost 0.018 second before the onset 
of the P wave in Lead IIT; the second, really a 
continuation of Sn but occurring after the onset 
of P., was said to represent “the summation of 
activation effects of parts of the auricle distant 
from the electrode.”” The e was the positive 
deflection comparable to the extrinsic deflec- 
tion, and i was the rapid change from posi- 
tive to negative called by Lewis the intrinsic 
deflection. The deflection o was the gradual 
return of the trace toward the baseline after 
the end of the intrinsic deflection. No mention 
was made by Hurst Brown as to the possible 
partial origin of this deflection from events 
during recovery. Battro and Bidoggia*® desig- 
nated the terminal slow portion of this o deflec- 
tion u and believed it to be caused by repolari- 
zation effects. In a masterful analysis of the 
nature of the T wave Macleod* was able to 
show in direct leads from a strip of frog’s 
auricle two peaks, one positive and one nega- 
tive, during the depolarization, or accession 


process as it was called, which he labelled ay. 


and a. During the repolarization or regres- 
sion process there were also two gradual peaks 
with reversed polarity which he labelled r; and 
ro. Hecht? has suggested that the atrial deflec- 
tions all be indicated by P with a subscript to 
indicate the similarity of the wave to ventricu- 
lar deflections. Hence there would be a Po, 
Pr, Ps, and Pr. Levine and his associates? 
have expanded Hering’s terminology to the 
atrial accession deflections speaking of a Qa, 
R,, and §8,. 


There are advantages and disadvantages of 
each type of terminology. In the present study 
it has been possible to identify the intrinsic 
deflections from each atrium in the record 
made from the right atrium only, which com- 
plicates the matter further. The nomenclatures 
of Lewis, Hurst Brown, and Macleod are all 
based more or less on the supposed physiologic 
origin of the deflections, whereas Hering’s and 
Hecht’s are arbitrary as were Einthoven’s orig- 
inal designations for the ventricular deflec- 
tions. The latter approach is perhaps the most 
desirable at a time when the physiologic origin 
of all the deflections is still not entirely cer- 
tain. Perhaps the method of Hering expanded 
by Levine and his group has a little advantage 
over Hecht’s method, although the choice is 
largely one of personal preference. 

An initial positive deflection preceding the 
P wave, such as was obtained by Hecht and 
called a “‘pre-auricular deflection” because it 
occurred 0.05 second before the P wave in a 
simultaneously recorded Lead I or precordial 
lead, was not observed in the present series. 
However, both of Hecht’s patients had disease 
of the heart. 

An initial negative deflection (Q,, not QS,) 
was encountered in 3 subjects. In two it was 
found in leads from the upper part of the 
atrium; in one it was found in leads from upper 
and lower levels but was inconstant. It occurred 
between 0.002 and 0.012 sec. before the simul- 
taneously recorded P wave in Lead I. The 
concept, based on measurements in the 
dog,” * is that this early negative deflection 
is caused by activation of the sinoatrial node 
itself. It does not seem likely that this structure 
is capable of giving rise to an electromotive 
force which can be recorded by the string 
galvanometer. A. Q, occurred in at least 1 sub- 
ject almost simultaneously with the beginning 
of P in Lead I. Further, that some part of it 
occurs before the P wave in a bipolar lead does 
not necessarily favor its sinoatrial origin be- 
cause the beginning of the latter may be quite 
late for obvious reasons. Assuming it is analo- 
gous to the S, of Hurst Brown, the constancy 
of its timing (0.018 sec. before P in Lead II) 
in esophageal leads is a more cogent argument 
in favor of its sinoatrial origin. 
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From the few observations we have made it 
would appear that the electrode is near the 
sinoatrial node when this deflection appears 
but the mechanism of its creation may be 
simply a matter of orientation of the electrode. 


Fig. 8.—A simplified, schematic representation of a 
frontal section through the atria just anterior to the 
venae cavae to illustrate how the intra-atrial P wave 
may begin with a negative deflection (solid angle— 
w), and later be characterized by a positive deflection 
as a dipole approaches the electrode through the sep- 
tum (t2”). The effects of dipoles at tz and t2’, being 
relatively distant (r2 and re’) are extrinsic and nega- 
tive. The diagram serves to illustrate the cause of 
such bizarre P waves as seen in complexes 10 and 11 of 
figure 9. Not illustrated are the effects of the re- 
gression process. In making the diagram, a rate of 
conduction of 1000 mm per sec. was assumed. 

The times t1, t; = 0.002 sec. and te, t3, 3’ = 0.006 
sec. from the beginning of the atrial excitation. Poten- 
tials of the electrode are determined by the equations 
V = 400s 0/r? and V = dw. 


It is visualized that at first the electrode is 
dominantly affected by the active side of an 
umbrella-like wave of excitation preceding in 
all directions from it (Fig. 8, solid angle sub- 
tended at the electrode at times t; and ty’). 
Later the electrode is affected by an oppositely 
oriented wave front on another side (septal) of 


the atrium (t»’’). The figure is exaggerated but 
it is conceivable that something of a similar 
nature may account for a Q, which precedes 
the beginning of the P wave in the standard 
leads. 

The figure also helps to explain later intrinsic- 
like deflections probably arising in the left 
atrium occasionally seen when the electrode 
is near the mouth of the superior vena cava 
and rarely in other locations (Fig. 9, com- 
plexes 10 and 11). In one instance during the 


Fic. 9.—Patient SAt. A continuous record made 
simultaneously with Lead II as an exploring electrode 
was drawn slowly upward through the right atrium 
beginning at point 9 (Fig. 2). The change in Ra fol- 
lows no fixed pattern but Sa at first gets deeper, then 
shallower, and in complexes 10 and 11 a late intrinsic 
deflection is superimposed on its ascending limb. The 
slurred ascending limb of S in earlier P waves is in 
part an accession effect and in part a regression 
effect. The gradual elevation of the P-R segment is 
ascribed to the positive phase of regression which is 
expected as the upper end of the atrium is approached. 
The large R of QRS is to be noted. 


transition from the right atrium to the superior 
vena cava a slow slurred initial depression oc- 
curred 0.022 second before P;. This was con- 
siderably earlier than in any other complex 
of the strip and may have been due to sinoatrial 
activation. 

Although in general the e wave (R,) was 
taller in leads from lower than in leads from 
higher levels this was not invariably the case. 
There are several reasons why this might be so, 
possibly the most important being the distance 
of the electrode from the endocardium in each 
instance and the relative orientation of the 
electrode with respect to extrinsic effects which 
as noted may be negative as well as positive. 
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The o wave (ascending limb of 8, or QS,) 
is most prominent in those leads which show a 
small or absent extrinsic deflection. It is broad 
and slurred and is probably in large part caused 
by excitation of atrial muscle in a direction 
away from the electrode. This statement is 
based on the fact that when the electrode is 
placed near the left auricle (appendage) in the 
pulmonary artery, the comparable deflection 
is sharp and rapid, not slurred (Fig. 3, Vpas). 
Further, its termination is simultaneous with 
the termination of the o in the lead from 
the region of the sinoatrial node in the right 
atrium (Fig. 3, Vea). Although these data 
support its designation as an accession event, 
nevertheless, there are certainly included in it 
the earliest negative portions of the regression 
process. This point can be seen in Figure 9 
where the dipolar nature of recovery can be 
made out in part by progressive elevation of 
the P-R segment as the intrinsic deflection 
becomes deeper (complexes 5 to 8). 

Atrial Regression Deflections. In the normal 
subject the recognition of either r, or re is 
difficult. The former is obscured by o, the 
latter by the advent of ventricular excitation. 
Nevertheless, in records made from near the 
sinoatrial node, the P-R segment is usually 
slightly above the baseline (Fig. 9), and in 
records made distant from this site the reverse 
displacement of the segment occurs, an ob- 
servation made by Battro and Bidoggia.* This 
fits in well with what Macleod” has predicted 
by regarding the regression process as essen- 
tially dipolarin nature. Recognition of the initial 
part of this diphasic deflection is occasionally 
possible in human records (Fig. 9), especially 
if there is some degree of atrioventricular block. 
Further, there is a fifth deflection in these 
abnormal records which is late, positive, and 
gradual and is comparable in every way to the 
U wave encountered at times in records of the 
ventricular action potential. 

Duration and Rate of Conduction of Action 
Currents in the Atrium. Measurements have 
been made on the duration of the excited state 
in the atria of animals” and of man.* In a 
group of normal human subjects such measure- 
ments cannot be made easily because the ter- 
minal portions of atrial regression are obscured 


by the deflections resulting from ventricular 
excitation. Considerable error may be made 
in the measurements, especially on the dura- 
tion of the accession process, if the electrode 
is at a distance from the endocardium (see * 
page 21). Nevertheless an attempt was made 
to approximate the duration of accession by 
measuring the time between the beginning and 
end of the intrinsic deflection in representative 
records made from different levels of the atrium. 
The maximum, minimum and mean values 
obtained were 0.003, 0.025, and 0.010 sec. re- 
spectively. It is probable that the minimum 
value is the closest to the true value. 

On several occasions, both in normal sub- 
jects and in patients, a calculation of the rate 
of conduction in the atrium was attempted. 
This was done by measuring the distance on the 
chest wall between the frontal fluoroscopic pro- 
jections of the electrode at two different points 
in the right atrium. The difference in time 
between the beginning of the intrinsic deflec- 
tion in leads from these two points was then 
taken as the time consumed as excitation trav- 
eled over the measured distance. In retrospect 
such measurements are extremely crude, par- 
ticularly the measurements of the distance, and 
involve certain assumptions which in the light 
of our later experience with a double electrode 
catheter are not justified. Until the newer tech- 
nics have been explored further it is probably 
best to assume that the rate of conduction in 
the human atrium is similar to that in the dog," 
namely 1000 mm. per second. 

The mean difference between the peaks of 
R, in upper atrial records and in lower atrial 
records was 0.032 sec.; between the nadirs of 
S. waves in the same records it was 0.033 sec. 
This crude measurement means that excitation 
reaches the lower levels of the right atrium 
about 0.033 sec. later on the average than it 
reaches the upper levels. 

Demarcation Potentials in the Atrium. Pre- 
sumably from pressure of the electrode on the 
atrial muscle a positive displacement of the 
baseline before the completion of the intrinsic 
deflection occurred on one occasion (Fig. 10). 
This is suspected of being caused by an injury 
potential or demarcation potential?» de- 
veloped as a result of block, either partial or 
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complete, of the depolarization process near the 
pressure-making electrode such as is seen in 
direct leads,** and as was seen in the ventricle 
(Fig. 7). 

It was immediately felt that some practical 
use could be made of this phenomenon to make 
an electrographic diagnosis of atrial septal de- 
fect. A record with a late intrinsic deflection 
and elevated P-R segment would be expected if 


Fig. 10.—Patient JNe. A lead from the right atrium 
recorded simultaneously with Lead II showing the 
effects on the P wave of pressure of the electrode in 
the endocardium. The Sa wave is absent and the P-R 
segment is elevated. The lower row is the same as the 
upper except for the increased tension of the string 
(1.2 N to 0.4 N). In the upper row the fortuitous 
occurrence of a ventricular premature systole per- 
mitted a good record of the total duration of atrial 
systole (approximately 0.04 sec.) in the following 
cycle. The quadriphasic nature of the ventricular 
complex is to be noted. Time lines, 0.2 sec. 


pressure was made with the electrode on the 
endocardial surface of the left atrium, and 
indeed such a record has been obtained in a 
patient with an atrial septal defect. However, 
a similar one has been encountered in a patient 
with a normal sized heart and suspected pul- 
monary arterial hypertension. Further, such 
electrograms have been encountered in normal 
subjects by Levine and his associates! although 
these investigators felt that an orifice of some 
kind existed in the interatrial septum and that 
the electrode was in the left atrium. In the 
light of our experience and of more recent 


findings*® the electrode was undoubtedly in the 
coronary sinus or one of its venous branches. 
Under such circumstances the intrinsic deflec- 
tion is later, by virtue of the electrode’s prox- 
imity to the left atrium. Further, sufficient 
pressure clearly may be exerted through the 
sinus wall to cause impairment of depolariza- 
tion of atrial muscle and consequent displace- 
ment upward of the P-R segment. The finding, 
therefore, cannot be regarded as diagnostic of 
persistent atrial septal defect. 

Ventricular Deflections Recorded from the 
Atrium. In the 12 subjects with records avail- 
able from the atrium the QRS began with a 
positive deflection in seven, with a negative 
deflection in four, and in one with either a 
positive deflection or a negative deflection de- 
pending upon the location of the electrode in 
the atrium. 

The initial positive deflection, when present, 
was always simultaneous with a similar wave 
observed in leads from the tricuspid region of 
the right ventricle, the superior vena cava, the 
right branch of the pulmonary artery, and the 
right arm. An initial Q, when present, was 
usually simultaneous with the nadir of a similar 
deflection in the leads from the last three loca- 
tions just mentioned, and with the nadir of S 
or the notch on its descending limb in the lead 
from the cavity of the right ventricle. A late 
R’ might be small in all atrial locations and 
simultaneous with a similar deflection in re- 
cords from above the atrium including the 
right arm, or with a notch on the ascending 
limb of S in the ventricular electrogram from 
the tricuspid region. On two occasions (patient 
QWi and patient SAt, Fig. 9) this deflection 
became quite large as lower atrial levels were 
approached, only to disappear as soon as the 
electrode was placed in the ventricle. In one 
of these (SAt) it was also large in the pul- 
monary artery. In two other instances (pa- 
tients APy and PAg, Figs. 4 and 5) already 
mentioned, this late R was still prominent as a 
large positive deflection in a lead from the 
tricuspid region of the right ventricle, and 
could also be identified in the lead from the 
pulmonary artery. 

In general the records obtained in the upper 
part of the right atrium were simulated quite 
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faithfully by leads from the right arm, but 
this relationship was not close in the case of 
leads from the lower atrial levels.? 

In summarizing what was found in the atria 
it may be stated that to begin with the elec- 
trical processes in atrial muscle consist of two 
parts, excitation and recovery, and that each 
of these, from experimental data, are dipolar 
in nature. An electrode in the atrium may be 
affected by both of these processes from one 
portion of the chamber and at a slightly later 
time by one or both in distant parts of the 
chamber. This overlap makes a precise separa- 
tion of the resultant deflections difficult. It is 
suspected that initial negative deflections are 
the result of the electrode being near the sino- 
atrial node and on the active side of myo- 
cardium from the very beginning of atrial ex- 
citation. It cannot be stated with certainty 
from the data presented that activation of the 
sinoatrial node itself causes any part of initial 
negativity of the right atrial cavity, although 
this is possible. 

With regard to ventricular deflections, an 
initial positive wave was usually simultaneous 
with other deflections ascribable to early de- 
polarization of the left side of the interven- 
tricular septum. A large negative deflection, 
regardless of its location, was usually simul- 
taneous with the peak of the R wave in leads 
obtained from the left side of the precordium 
and with the S wave or notch on its descending 
limb in the right ventricular lead suggesting its 
origin as being from excitation of the free wall 
of the left ventricle. The late positive deflection 
of large size in four subjects, and of moderate 
size in five others, was ascribable to some con- 
siderable mass of muscle excited from below 
upward and from left to right to be discussed 
below. 


RECORDS FROM WITHIN THE SUPERIOR VENA 
CavA AND OTHER VEINS OF 
THE THORAX 


Records were made from the superior vena 
cava in nine subjects. In all the P wave was in- 
verted, and usually bore several notches. The 
QRS in five consisted of the rS type, in three of 
which a distinct notch was present on the 
ascending limb of S. In two QRS had the form 


of Qr, in one of qR, and in one of rSr’. The 
T wave in all was inverted. The similarity to 
the lead from the right arm was striking in all 
except for the lower amplitude and the occa- 
sional slurring rather than notching of the 
ascending limb of §S in the latter. In only two 
was a simultaneous record made from the pre- 
cordium with an electrode directly over the 
intravenous one. In both of these (patients 
JRo, Fig. 6, Vsycio, and SAt) the P and T 
waves were similar in the internal and external 
leads but the QRS was different, in one in- 
stance markedly so. 

Toward the end of each experiment the elec- 
trode was placed fluoroscopically well out to 
the left border of the thorax (Fig. 2), usually, 
as far as could be judged, in the left axillary 
vein. In general, records from this region were 
similar to what was obtained in leading from 
the left arm although there were a few ex- 
ceptions. Other records between the superior 
vena cava and this point were often attempted 
but were usually technically difficult because 
of large, irregular electromotive forces pre- 
sumably of venous origin. 


Tue LarGE PositivE DEFLECTION AT THE 
BASE OF THE RIGHT VENTRICLE 


What is believed to be one of the most sig- 
nificant observations in this study was the 
large positive deflection found in the lower 
right atrium of four subjects and a similar 
deflection of moderate size in several others 
(Figs. 4, 5, 6 and Table 3). The simultaneity of 
this wave with a variety of others in leads from 
within the heart and from the surface of the 
body have been alluded to earlier. In brief it 
appears that the electromotive force responsible 
for the deflection is large enough to be reflected 
in leads from the surface of the body and this 


force, regarded as a vector, seems to be, at 


least in the cases studied, pointing to the right 
and upward. Whether its direction is backward 
or forward appears to depend in part on the 
position of the heart in the thorax and un- 
doubtedly on such other factors as the relative 
size of the ventricles, their exact orientation 
with respect to each other, the orientation of 
the muscle responsible for the deflection with 
respect to various points on the surface, and 
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possibly the architecture of the Purkinje sys- 
tem. When the force is pointing well forward, it 
is the cause of the r’ in the rSr’ complex some- 
times encountered in normal subjects in a lead 
from the right sternal edge or from points 
farther to the right on the thorax. We have 
had the opportunity of confirming this in one 
subject not included in the present series. Also, 
when directed forward, it may cause a negative 
notch on the ascending limb of the S wave in 
the lead from the superior vena cava (Fig. 4, 
Vsves)- 

In the past this deflection or something simi- 
lar to it has been ascribed, largely from the 
results of direct leads in dogs,**: 7 to late exci- 
tation of the “‘conus.’”’ No statement has been 
made as to the particular part of the conus 
concerned although it has been generally as- 
sumed that it was the free wall. It has also been 
stated that a late positive deflection (r’) may 
be found frequently in precordial leads taken 
over the conus.* 

There is much evidence which tends to refute 
both of these concepts. With regard to the dog 
it is significant that records may be obtained 
from the free wall of the conus which have a 
configuration, rsR’s’” ** =* not unlike what 
was seen in an internal lead from the conus in 
patient APy (Fig. 4, Vpy; and Vry3). The 
possibility exists that the peak of r really rep- 
resented the early arrival of excitation at the 
epicardial surface of the conus and that R’ was 
transmitted from deeper-lying muscle which 
was excited quite late. We have made no obser- 
vations in animals but the point is worth in- 
vestigating. 

With regard to man, in the only direct lead 
made from the conus” it was almost the earliest 
surface point to be excited (0.0143 sec. after 
the beginning of R in Lead II), and at all 
ventricular points, including many on the pos- 
terior surface of the left ventricle, the intrinsic 
deflection began before half of the QRS interval 
was completed. The deflection we have ob- 
served had a time usually well beyond the mid- 
point of the total ventricular depolarization 
interval. Further, it was positive in the lower 
atrium and in the pulmonary artery, and nega- 
tive in leads from the precordium near the 
conus (Figs. 5 and 6), both almost impossible 


to explain on the basis of late excitation of 
the free wall of the conus either radially out- 
ward, or longitudinally toward the pulmonic 
valve. Lastly, the free wall of the conus is a 
relatively thin structure, and when it differs 
quite markedly in a physiologic way from the 
cardiac muscle, or is particularly devoid of 
Purkinje fibers, it should not be excited very 
late. 

The particular muscle mass which gives rise 
to the deflection under consideration must be, 
in the light of our present knowledge, con- 
jectured. A specific observation regarded as 
important in localizing it is that the deflection, 
with two exceptions, underwent an abrupt 
change from a summit to a depression as the 
electrode slipped through the pulmonic valve 
on its way to the right ventricle. A similar but 
reverse behavior of the record was seen as the 
electrode traversed the tricuspid valve on its 
way from the right ventricle to the right 
atrium (Fig. 4). These data suggest that the 
particular muscle concerned was common to 
both orifices. Lastly, the structure must be at 
the base of the right ventricle, a statement 
supported by what has already been presented 
and also by the observation that the late de- 
flection, when encountered in the ventricular 
cavity, was at the base of that chamber. 

An anatomical structure which meets these 
requirements is the crista supraventricularis*® 
in the roof of the right ventricle. It is a thick 
muscular ridge, 12 to 15 mm. high, which ex- 
tends forward and to the left from the atrio- 
ventricular to the pulmonic orifice.“ The ridge 
divides the upper part of the ventricular cavity 
into an inflow tract and an outflow tract, the 
latter being the conic interior of the right 
ventricle recognized on the surface as the conus 
arteriosus. At the anterior septal end of the 
ridge the origin of the moderator band (trabe- 
cula marginalis) may be found. 

If this ridge is adequately supplied by sub- 
endocardial Purkinje fibers its anatomical posi- 
tion favors its mean direction of excitation 
upward, and to the right, a conclusion reached 
earlier from the direction of various deflections 
presumed to have their origin in this particular 
muscle band. 

This crista supraventricularis undergoes con- 
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siderable hypertrophy in diseases causing in- 
creased work of the right ventricle, and it is 
suspected that the electromotive force to which 
it gives rise normally may be the same one 
responsible for some of the late positive deflec- 
tions found in various external leads, especially 
on the right side of the precordium, in right 
ventricular hypertrophy. A preliminary survey 
of our observations on patients with right ven- 
tricular hypertrophy suggests that this is so, 
but a precise statement will depend upon a 
more detailed analysis of our records than we 
have thus far been able to make. Whatever the 
area concerned, it is by no means the last to be 
excited in the ventricles, for the deflection or 
deflections resulting from its excitation occur 
during the third quarter of the QRS interval. 
The matter has importance because of the 
considerable bearing it has on several funda- 
mental electrocardiographic problems. One of 
these is the problem of the origin of the late 
R wave or R’ in leads from the right side of the 
precordium in right ventricular hypertrophy 
and in right bundle branch block already 
mentioned. Another is the applicability of a vec- 
tor type of recording of the human electrocar- 
diogram as a possible means of reducing the 
number of leads that need be taken for clinical 
purposes. The observations presented suggest 
that the reduction of all the ventricular electro- 
motive forces to a single vector is probably too 
gross for practical value. However, it would 
appear that there are three principal vectors, so 
far as QRS is concerned, which would give 
practically all the information desired at least 
in the normal heart, and possibly in the ab- 
normal heart too. These vectors, briefly, are the 
three responsible for the “Q”, “R”, and “8S” 
respectively. In terms of what is known and 
what has been presented, the “Q vector” is pro- 
duced by early excitation of the left side of the 
septum; the “R vector” by excitation prin- 
cipally of the apical free wall of the left ven- 
tricle; and the “S vector” by excitation 
probably of muscle in the roof of the right 
ventricle in a direction which is variable but 
dominantly upward, backward and to the right. 
Studies are under way in which vectorcardio- 
grams and surface null potentials of the three 
principal vectors are being recorded in an effort 


to delineate their precise orientation in the 
thoracic space, and to test their usefulness in 
clinical diagnosis. 


RELATIONS BETWEEN THE QRS oF INTRACAR- 
DIAC AND OF PRECORDIAL LEADS 


Of particular interest in the normal pre- 
cordial electrocardiogram has been the origin 
of the deflections in leads especially from the 
right side. 

From what has gone before it is clear that in 
Leads V,; and V2 both the R wave and the § 
wave have dual origins. In high-speed records 
the R wave is usually notched either on its 
ascending or descending limbs. Either the notch 
on the ascending limb or the peak may be 
simultaneous with the peak of the R wave en- 
countered in the lower portions of the right 
ventricle. In the former instance the peak, and 
in the latter instance a notch on its descending 
limb, occur between 0.01 and 0.02 second later. 
It is suspected that the initial part of the 
summit in Lead V, is septal in origin, and its 
later part is ascribable to excitation probably 
of the free wall of the right ventricle. This 
point has been made previously.’ 

The S wave in Leads V,; and V2 may show a 
notch on the descending limb simultaneous 
with the peak of the R wave in leads from the 
left side of the precordium. Under such cir- 
cumstances the nadir is simultaneous with the 
nadir of 8 in Leads V, or V; or occurs at a time 
which is somewhere between the time of R and 
S in the left-sided leads. Although it occurs, it 
is exceptional for the nadir of S in leads V; 
and V, to be simultaneous with the peak of the 
R wave in Leads V, and V;. It appears, there- 
fore, that in the normal subject the S wave, 
both in leads from the right and left sides of 
the precordium, is produced largely by the 
electromotive force which gives rise to the 
large positive deflection often found in the 
right atrium and pulmonary artery and occa- 
sionally inside of the base of the right ventricle. 

As to the leads from the left side of the pre- 
cordium, the origins of Q and R are fairly well 
proven. The origin of the S wave has been sug- 
gested by observations and discussion given 
above. 
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SUMMARY 


1. Simultaneous galvanometric records were 
made of the potentials encountered in the right 
heart and attached vessels in 14 patients with- 
out clinical evidence of heart disease. 

2. An analysis of these records and their 
temporal relationships to semidirect and in- 
direct leads has been presented. The relationship 
of precordial to intracardiac QRS deflections 
has been elaborated particularly. 

3. The significance of multiple deflections in 
the P wave recorded in the atrium, and of large 
positive QRS deflections encountered in prox- 
imity to the base of the right ventricle has 
been discussed. 

4. It is suggested that the crista supraven- 
tricularis of the right ventricle may be the 
source of a large, moderately late electromotive 
force which is reflected not only in intracardiac 
but also in surface leads. 
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Peri-Infarction Block; Electrocardiographic 
Abnormality Occasionally Resembling 
Bundle Branch Block and Local Ven- 

tricular Block of Other Types 


By Sarety R. First, M.D., Ropert H. Bayitey, M.D., anp D. R. Beprorp, M.D. 


Curves which represent bundle branch block can usually be identified. More important are 
those which represent peri-infarction block. Multiple unipolar leads enable identification of the 
latter from the former, which they may closely resemble in the limb leads, and from intraventric- 
ular block of other types. Criteria and examples of peri-infarction block are presented and an 


incidence and explanation are offered. 


HE IMPORTANCE of the subject of 

I intraventricular block has recently been 

emphasized by Wilson and _associ- 
ates.!:? In many instances the confusion re- 
sults from similarity of the electrocardiographic 
pattern in various types of interventricular 
block. In most instances complete right and 
complete left bundle branch block can be prop- 
erly identified. On the contrary, incomplete 
grades of these lesions are apt to be confused 
with marked hypertrophy alone or in combina- 
tion with bundle block. 

Equally as distinctive as complete bundle 
branch block is the lesion we shall call peri- 
infarction block.* In the vast majority of in- 
stances it can be differentiated from bundle 
branch block and from intraventricular block 
of other types. The importance of the lesion is 
emphasized, as the name implies, by its asso- 
ciation with (usually) an old myocardial in- 
faretion. Wilson and his associates have pre- 
ferred to refer to the lesion as ‘“arborization 
block,”’ indicating that they do not necessarily 
agree with the implications of the name “‘ar- 
borization block.’! ? 

It is the purpose of this communication to 


From the Department of Internal Medicine, Uni- 
versity of Oklahoma School of Medicine, Oklahoma 
City, Okla. 

* This term was suggested by W. T. McCollum, 
M.D., Department of Internal Medicine, University 
of Oklahoma School of Medicine, Oklahoma City, 
Okla. A 


describe the essential features of the electro- 
graphic pattern of peri-infarction block and to 
present electrocardiograms which illustrate the 
lesion as produced 'v myocardial infarctions 
of the common locations. 

The diagnostic criteria of peri-infarction 
block include: (1) evidence of myocardial in- 
farction of the subendocardial region of the 
ventricular wall, or transmural infarction with 
a circumferential region of subendocardial 
damage; (2) QRS complexes in the limb leads 
which are, or exceed, 0.11 second in duration; 
(3) a characteristic QRS pattern in the unipo- 
lar precordial and extremity leads. 

When the exploring electrode is placed over 
the center of a transmural infarction with a 
circumferential region of subendocardial dam- 
age, the associated deflection will be of a QS 
type represented in figure 1, a. As the exploring 
electrode is moved over the living muscle com- 
prising the outer layer of the involved part of 
the ventricular wall, there is late activation of 
this region and the electrocardiogram (figure 
1, b) demonstrates an initial Q wave followed 
by a broad R wave, the downstroke (intrinsi- 
coid deflection) of which terminates the long 
QRS interval. It follows that, when the explor- 
ing electrode is placed directly over an infare- 
tion which involves only the subendocardial 
lamina, tracings of the latter type, namely, a 
Q wave with a broad R wave, will be obtained. 
In electrocardiograms recorded from the nor- 
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mal ventricular wall adjacent to the infarction 
the late activation of the blocked region in a 
direction away from the exploring electrode 
produces a negative potential equal to the posi- 
tive potential produced by late activation in a 
direction toward the electrode. The intrinsicoid 
downstroke of the R wave is relatively early 
and the remainder of the QRS interval is writ- 
ten on the base line (fig. 1, c). Electrode posi- 
tions across the chamber from a subendocardial 
infarction (fig. 1, d) yield QRS complexes char- 


Fic. 1.—Diagrammatic illustration of the various 
forms of the QRS interval encountered in peri-infarc- 
tion block. The whitened area indicates infarction 
while the stipled area indicates a circumferential area 
of blocked normal muscle tissue overlying the infare- 
tion. 


acterized. by an R wave which is followed 
by a broad S wave. The broad S wave indicates 
late activation of the blocked, living muscle 
tissue overlying the infarcted region. The mag- 
nitude of the R wave will depend primarily 
upon contributions from the uninvolved wall 
subjacent to the exploring electrode. 


Metruops AND CASE MATERIAL 


In addition to the standard and unipolar 
limb leads, multiple unipolar chest leads were 
recorded by employing a central terminal.? In 
some instances it was necessary to explore 
regions higher and lower than the six standard 
precordial positions.‘ In such cases, subscripts 
(NH) or (NL) have been used to indicate the 
regions from which tracings were obtained, 


where N denotes the number of interspaces de- 
viated from the normal and H and L the diree- 
tion high or low. For example, leads recorded 
two interspaces higher, and on the vertical with 
the standard Vz lead were labeled Vex). 


The electrocardiogram, figure 2, was recorded 
from a white woman, 65 years of age, whose history 


Fic. 2.—Anterolateral and lateral infarction of the 
subendocardial portion of the myocardium with peri- 
infarction block. The tracings on the limb leads 
closely resemble those seen in bundle branch block, 
while the precordial leads demonstrate normal-ap- 
pearing deflections in V,; and V;. Deflections V; 
through V; are of blocked form and indicate the block 
is local, which would not be the case if one of the His 
bundles were involved. The form of the RS-T segment 
suggests that infarction might be moderately recent. 
The history indicated that infarction occurred three 
years previously and an electrocardiogram at that 
time, not reproduced, showed anterolateral infarction 
without peri-infarction block. 


indicated myocardial infarction of three years’ dura- 
tion. The QRS interval is 0.14 second. The R wave 
is absent in Lead Ve, and there is a broad Q wave 
followed by an R wave with a late downstroke, ter- 
minating the QRS interval in V; through V;. Posi- 
tive RS-T injury shift is present in Leads V2 through 
V.. Lead Vs has a normal form and the chief down- 
stroke (intrinsicoid deflection), which apparently 
terminates the QRS interval, occurs 0.08 second 
earlier than the corresponding downstroke in Vs. 
These changes are considered characteristic of an- 
terolateral and lateral infarction of the subendo- 
cardial portion of the myocardium with peri-infarc- 
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tion block. The fact that curves of block form with a 
]:te intrinsicoid deflection (Lead V3) are recorded 
fom one region of the precordium and a normal 
cirve, Vs, from an adjacent region on the same side 


and the Q wave is prominent in Leads II and III. 
The downstroke of the R wave is slurred in Leads 
aVr, V:, Ve, and Vr. There is a prominent Q wave 
and the intrinsicoid deflection terminates the QRS 


Fic. 3.—Inferoseptal (posterior) infarction with peri-infarction block. The prominent Q wave, and 
late downstroke of the QRS interval in Leads aVr and Vg (esophagus, depth 60 cm.) are con- 
sidered diagnostic in this instance. Auricular fibrillation with occasional ventricular extrasystole is 


also present. 


f transition indicates that the block is local, and 
iot to be ascribed to a lesion of one of the main 
ranches of the His bundle. 

Figure 3 is the electrocardiogram recorded from a 
vegro man, 65 years of age, who, six weeks prior to 
he examination, experienced severe substernal and 
wrecordial pain which radiated to both shoulders 
ind down both arms. Hypodermic injections were 
equired for relief. The QRS interval is 0.14 second 


interval in leads recorded from the left leg and 
esophagus. 

These changes are characteristic of inferoseptal 
(posterior) infarction with peri-infarction block. Au- 
ricular fibrillation is also present and there is an 
occasional ventricular extrasystole. 

The electrocardiogram of figure 4 was recorded 
from a 70 year old white man ten hours following 
the onset of symptoms of myocardial infarction. The 
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QRS interval is 0.16 second. There is a Q wave in all 
precordial leads which decreases in size as the ex- 
ploring electrode is moved to the left. The intrinsi- 
coid deflection is late and terminates the QRS com- 
plex in Leads Vj, V2, and aVr. This deflection is early 
and is followed by a small 8 wave in Leads V; and 
V;. A diagnosis is suggested of moderately recent 
anteroseptal, anterolateral, and inferoseptal infarc- 
tion with peri-infarction block, or possibly right 
bundle branch block, or both. 

The absence of an abnormally large S wave over 
the left side of the precordium (V; and Ve) is most 
unusual in right bundle branch block. Additional 
leads from positions farther to the right might prove 
helpful. Double R waves from these positions would 


Fic. 4.—Moderately recent anteroseptal, antero- 
lateral, and inferoseptal infarction with peri-infare- 
tion block, or possibly right bundle branch block, or 
both. The limb leads in this instance certainly suggest 
bundle branch block. The precordial leads, however, 
fail to demonstrate prominent S waves over the left 
side of the precordium (V; and Vs) which would be 
expected if the right branch of the His bundle were 
involved. 


indicate right bundle branch block, while an initial 
R wave with either a normal or prominent S wave, 
such as appears at the left shoulder, would tend to 
indicate peri-infarction block. This patient expired 
before additional studies could be completed. 


The tracing reproduced in figure 5 was recorded 
from a 46 year old white man six years following a 
clinical and electrocardiographic diagnosis of myo- 
cardial infarction. The QRS complex is 0.11 second. 
The R wave is small in Lead V,, preceded by a small 
Q wave in V; and Vs, and is absent in Vs. The S wave 
is prominent in V2 and V3. There is a Q wave with a 
low notched R wave and late downstroke in Leads 
V; through Vs. Vsex) reveals a small Q wave and the 
up-stroke of the R wave is slurred, while aVx pre- 
sents an initial R wave, and the down-stroke which 


terminates the QRS interval is 0.08 second following 
the onset of the R wave. These changes indicate 
anteroseptal infarction with a thin, extensive layer 
of subendocardial damage in the anterolateral, lat 
eral, and posterolateral regions accompanied by 
peri-infarction block. Incomplete left bundle branc! 
block is also to be considered. The prominent Q wav: 
in leads from the left side of the precordium mus 
then result from initial negativity within the cavit) 
of the right ventricle which could not be transmitte: 
to V; through Vy, unless the right side of the inter 
ventricular septum were extensively infarcted. 
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Fic. 5.—Transmural, anteroseptal infarction with 
a thin, extensive layer of subendocardial damage and 
peri-infarction block in the anterolateral, lateral, and 
posterolateral regions. The prominent Q wave with 
broad, notched R wave and late downstroke in Leads 
V; through Vz indicate an abnormal order of activa- 
tion outwards through the free wall of the left 
ventricle. 


The prominent Q wave with a broad, notched R 
wave and late downstroke in Leads V; through Vs 
certainly indicates an abnormal order of activation 
outward through the free wall of the left ventricle. 
It would be difficult to understand how factors in 
that region of the ventricular wall opposite to, or 
across the chamber from, the one under discussion 
could produce the abnormal R wave in these leads. 
Vsen) and aVy which represent nearly normal left 
ventricular deflections support the contention that a 
small subendocardial infarction is present in the free 
wall of the left ventricle. 
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Figures 6 and 7 were recorded from a 53 year old 
iysician who had experienced recurrent attacks of 
angina pectoris. Figure 6 was recorded two days 
‘,llowing an unusually severe attack of substernal 
tin which radiated to both shoulders and was ac- 
mpanied by profuse perspiration and prostration. 


Fic. 6.—Electrocardiogram showing normal trac- 
ings; heart in the semihorizontal position. Curve 
recorded from a 53 year old physician two days follow- 
ing an attack of angina pectoris. 


Fic. 7.—Tracing recorded from the same subject 
and five days following that of figure 6. Recent antero- 
septal and high anterolateral infaretion with peri- 
infaretion block is now present. aV,, is the only 
position explored presenting a later downstroke. 
Additional precordial leads are indicated (see text). 


‘The initial curve was taken when the patient was 
asymptomatic and there were no positive physical 
findings. The electrocardiogram shows no abnor- 
riality and the heart is in the semihorizontal 
| dsition. 

Figure 7 was recorded from the same subject 
{ ve days later and six hours following the onset of 
severe substernal and precordial pain which radiated 
to the tip of the left scapula and was accompanied by 


extreme dyspnea and prostration. The QRS com- 
plex is 0.11 second and there is a broad Q wave with 
positive injury shift in Lead I. The R wave is minute 
in V2 and Vs, where a positive RS-T junction dis- 
placement is also present. V; and V. demonstrate a 
small R wave and a broad S wave. Previously, the 
R wave was not followed by an S wave in these leads. 
Lead aVi1 consists of a broad Q wave followed by an 
R wave and is the only position explored which pre- 
sents a late intrinsicoid deflection at the end of the 
abnormally long QRS interval. These changes sug- 
gest recent anteroseptal and high anterolateral in- 
farction with peri-infarction block. The anteroseptal 
involvement is transmural and consequently unin- 
volved by the block phenomenon. The patient ex- 
pired before additional leads from high precordial 
positions could be made. 


DIscussIoNn 


The exact mechanism responsible for pro- 
ducing a prolonged QRS interval following a 
subendocardial infarction merits consideration. 
Wilson and his associates listed several possi- 
bilities, chief among which included ‘a func- 
tional depression of the specialized ventricular 
conducting system or of the ordinary ventricu- 
lar muscle as a whole, to lesions affecting one 
or more of the subdivisions of one of the bundle 
branches, or to involvement of the Purkinje 
network or subendocardial muscle on the inner 
aspect of the part of the ventricular wall af- 
fected.’ 

Electrocardiograms of 464 subjects demon- 
strating myocardial infarctions were reviewed 
in the laboratory of the University of Okla- 
homa School of Medicine. Unipolar limb and 
precordial leads were taken in all instances. Of 
this number seventeen, or nearly 4 per cent, 
presented the characteristic findings of peri- 
infarction block. In the limb leads the similar- 
ity between subendocardial infarction compli- 
cated by peri-infarction block and bundle 
branch block may lead to an erroneous diagno- 
sis and in most instances differentiation re- 
quires multiple unipolar leads. It is our belief 
that the majority of instances of lesions of the 
kind presented are interpreted as bundle branch 
block or intraventricular block of other types. 

A permanent peri-infarction block phenome- 
non usually develops several months after in- 
farction, but occasionally may occur early 
either in transient or permanent form. We pre- 
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fer to believe that in subendocardial infarction 
radial spread from the endocardial surface is 
usually maintained by conducting strands of 
living muscle through the infarcted region. 
Later, as contraction fibrosis occurs, the con- 
ducting strands would be subject to pressure 
atrophy and peri-infarction block would ulti- 
mately result. In cases where the block ap- 
pears early, it would appear that strands of 
living muscle through the infarct do not exist 
or do not permit radial spread to the overlying 
normal wall. Recovery of function of the fibers 
specified would, however, determine cessation 
of early temporary peri-infarction block, and 
failure of recovery would then determine early 
permanent peri-infaretion block. Centripetal 
spread of activation parallel to the epicardial 
surface from the circumference of normal muscle 
overlying the infarct would be the natural 
result of failure of outward radial spread from 
the endocardial surface, and since the former 
takes place at one tenth of the speed normally 
encountered over the endocardial surface, the 
associated wave form is a function of the size 
of the blocked region relative to the position 
of the exploring electrode. 


SUMMARY 


1. Peri-infaretion block produces a character- 
istic electrocardiographic pattern which may 
often closely resemble that of bundle branch 
block or intraventricular block of other types, 


particularly in so far as Leads I, II, and III are 
concerned. 

2. Infarctions of the subendocardial region 
of the myocardium are responsible for the pro- 
duction of peri-infarction block. 

3. The term “‘arborization block” is objec- 
tionable since its implication limits the nature 
of the blocking process by directly incriminat - 
ing the Purkinje network and, at the same timc, 
fails to emphasize its association with infarc- 
tion. Moreover, a reasonable explanation ap- 
pears to depend upon local damage of th» 
myocardium. 

4. The limb lead electrocardiogram does not 
ordinarily furnish sufficient information for the 
differentiation between subendocardial infarc- 
tion complicated by peri-infarction block and 
intraventricular block of other types. 
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Excitation of Human Auricular Muscle and the 
Significance of the Intrinsicoid Deflection of 
the Auricular Electrocardiogram 


By Hans H. Hecut, M.D., anp Lowe. A. Woopsury, PH.D. 


The technic of endocardial electrocardiography has been useful in applying certain basic concepts 
to the interpretation of an electrocardiogram. One of the earliest intra-auricular records, obtained 
in 1944, is here analyzed in detail. It led to a reaffirmation of the dipole concept of cardiac excita- 
tion. A number of selected auricular electrocardiograms recorded by simultaneous tracings from 
the chestwall and the esophagus demonstrate the direct clinical usefulness of the theoretic 


postulates. 


LECTROCARDIOGRAMS of human 
subjects obtained from the right auricu- 
lar and ventricular cavities have stimu- 
lated re-examination of the dipole approxima- 
tion of the membrane theory.'” The shape of 
the electrocardiograms thus obtained has 
tended to confirm previous concepts which con- 
sidered cardiac action potentials to arise from 
a band of dipoles moving over the heart.*-” 
This interpretation is not generally accepted 
by those who view cardiac excitation and re- 
covery in terms of an “interference theory” 
which assumes that an electrocardiogram rep- 
resents the summation of two somewhat asyn- 
chronous monophasic action potentials.3-" A 
discussion of suitable direct leads from the 
auricular surface of the human heart in situ 
with observations concerning the clinical ap- 
plication of such studies therefore appeared de- 
sirable. One of many records obtained from 
the right auricular cavity was found to be espe- 
cially suitable for further analysis of the dipole 
concept. 
The record (fig. 1) was obtained from M. S., 
58 year old Greek-American laborer who 
siffered from arteriosclerotic heart disease with 
sclerosis of the coronary arteries and right 
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bundle branch block. A catheter containing 
the electrode was inserted into the right auricu- 
lar cavity through the right antecubital vein. 
To avoid injury effects on the electrocardio- 
gram, the tip of the electrode did not coincide 
with the tip of the catheter (whistle-tip cathe- 
ter). When an attempt was made to pass the 
catheter into the right ventricular cavity it was 
deflected upwards and posteriorly and came to 
rest against the posteromedial portion of the in- 
terauricular septum about halfway between the 
sinoauricular region and the annulus fibrosus. 
The location was confirmed by roentgenograms 
obtained with the patient in the anteroposterior 
and in the right anterior oblique positions. 
A Sanborn Tribeam electrocardiograph was 
used and Lead I was recorded simultaneously 
with the endocardial records. 

The auricular electrocardiogram of figure 1 
consists of thrge parts: (1) a very small deflec- 
tion, P,, (2) an activation phase which appears 
as a simple diphasic potential and is designated 
Pors, and (3) a recovery phase, Py, which is 
represented by a slow low-amplitude deflec- 
tion.* Pors averaged about 3.2 millivolts in 


*The preauricular deflection P, (or ‘‘O’’) which 
is occasionally present in examples of human endo- 
cardial electrocardiograms has been described for 
human heart by one of us and may also be seen in 
records published by Sodi-Pallares.* It is tempting 
to assign this deflection to the excitation of the sinus 
node. It is recalled that in cold-blooded animals the 
bulbus venosus gives rise to a striking preauricular 
wave and that a distinct deflection preceding P has 
been described for the mammalian electrocardiogram 
in leads taken from the vicinity of the sinus node.!*: ¥ 


Circulation, Volume II, July, 1950 





38 AURICULAR EXCITATION 


height and 65 microseconds in duration. The 
deflection Pars representing auricular activa- 
tion is similar to experimental records from 
the exposed auricular muscle of the dog ob- 
tained with a unipolar recording system by 
Wilson, Macleod, and Barker’? and to the 
tracings of Craib from excised turtle heart 
muscle, striated muscle, and nerve.® The human 
record under discussion is contrasted in figure 
2 with direct unipolar leads from frog hearts 
showing a spontaneously beating bulbus ve- 
nosus (C, D) and auricle in situ (B), an elec- 


RCC 


polarized, resting muscle and leaves behind a 
region of depolarized tissue. The tissue is re- 
stored to its normal resting stage by a wave of 
repolarization which does not necessarily and 
presumably in normal heart muscle seldom 
arises from the same focus of origin as the ex- 
citatory wave. This wave of excitation may be 
considered as a band in which the membrane 
is being depolarized according to the law of 
excitation. The band is not sharply demarcated 
but shades from complete polarization on the 
leading edge to complete depolarization on the 


RG 


Pp Pors Pr 


Fic. 1.—- A human auricular electrogram. Upper tracing, Lead I; lower tracing, endocardial elec- 
trocardiogram from interauricular septum. Arrow points to small preauricular deflection (P»). 
Ventricular QRS complexes characteristic of right bundle branch block. Time lines 0.040 second. 


(See text.) 


trically stimulated piece of auricular muscle 
(E), and (F) a strip of spontaneously beating 
ventricular muscle. Preparations E and F were 
submerged in turtle ringer solution. The simi- 


larity of the animal records to the human 


tracing is inescapable. 


THEORETIC CONSIDERATIONS 


Because of its syncytial nature human au- 
ricular muscle may be regarded as if it were a 
large single cell. An exciting impulse arising at 
the sinus node exceeds the threshold of the sur- 
rounding auricular muscle and a wave of exci- 
tation spreads radially from the center of ex- 
citation. The wave of excitation invades the 


following edge. Its effective width is appreciable 
and may range from a few millimeters to sev- 
eral centimeters. Since closely adjacent areas 
are in electrically different states (polarized or 
depolarized) a voltage difference of about 50 
to 100 millivolts will exist between the two 
regions”® and consequently a current will flow 
For the sake of simplicity and without in 
ducing a large error it can be assumed that the 
current flows between two lines one at the 
leading edge and one at the following edge oi 
the band of depolarizing activity. This is equiva 
lent electrically speaking to two line charge- 
of opposite sign the effective width of the ban: 
apart and submerged in a volume conductor 
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the two line charges may be considered to be 
ormed of an infinite number of dipoles placed 
side by side (see fig. 5). It must be emphasized 
hat the symbol is not the reality and that the 
lipole concept is only a convenient symboliza- 
ion of the membrane theory of activation. 
The two line charges when submerged in the 
‘olume conductor of the body fluids give rise 


Fic. 2.—Direct leads from cardiac muscle. Explor- 
ing electrode in contact with cardiae muscle; indif- 
ferent electrode in A on central terminal, in B, C, 
and D on left leg, in EF and F submerged in Ringer’s 
solution distant from the source of current. A, Human 
electrogram of figure 1. B, Electrogram of auricle of 
frog in situ. C and D, Electrogram of bulbus of frog 
in situ. Z, Record of strip of auricular musculature 
(frog) submerged in Ringer’s solution and electric- 
ally stimulated. /, Unipolar record of strip of ven- 
tricular musculature submerged in Ringer’s solution, 
hating spontaneously. Time lines 0.04 second. 


tc a current flow and to the accompanying lines 
® equipotential distributed according to the 
lx vs of volume conduction. 

for auricular muscle a simple geometrical 
p ‘ture of the voltage lines about the source 
a d the sink may be constructed. Such a rep- 
r sentation, familiar since Waller’s original dis- 


cussion, is shown in figure 3. This figure demon- 
strates the lines of equipotential about two 
line charges in a conduction medium whose 
dimensions are large compared with the dis- 
tance between the source and the sink. The two 
line charges and their equipotential lines ex- 
tend throughout the conducting fluid of the 
body. Midway between the two charges is a 
line of potential which is equal to half of the 
voltage difference between the two. This line 
is often referred to as the zero line and is used 
as a reference for measuring the other voltages. 
If an electrode is placed in or on a volume con- 
ductor but at an appreciable distance from the 
source and the sink it will be effectively on, or 
very close to, the zero line (a ‘neutral’ or 
“indifferent” electrode). An examination of 
figure 3 will show the truth of the statement. 
If now another electrode is placed so that the 
field about the line charges moves under or 
very close to this electrode, or if the electrode 
is moved along the line S-S from the extreme 
right of figure 3 to the extreme left, a diphasic 
wave will be recorded. In figure 4 a diphasic 
wave that was obtained in this fashion is illus- 


trated. The resemblance to the diphasic action 
potential of figure 1 reproduced beside it is ob- 
vious and it is reasonable to believe that the 
Pors deflection of figure 1 arose from some such 
mechanism. 


Figure 5 is a schematized version of two 
line charges viewed from above and passing 
across an exploring electrode with the other 
(neutral) electrode situated between the two 
charges. Again it is obvious that the passage 
of current over the electrode results in a plus- 
minus deflection. The distance between the two 
peaks of the recorded tracing of a direct lead 
represents the distance between the source and 
the sink and defines the width of the excitation 
wave, i.e., the band of tissue undergoing de- 
polarization. The rapid downstroke of a record 
such as is illustrated in figure 1 may therefore 
be taken as an approximate measure of the 
width of this band. It is roughly identical with 
the so-called intrinsic deflection of a direct 
unipolar electrocardiogram. Given a rate of 
transmission of the action current through au- 
ricular muscle of 1,000 mm. per second,” the 
width of the band or the distance between the 
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source and the sink in the record presented 
here would approximate 10 millimeters. If re- 
cent figures on the rate of conduction through 
the human heart are substituted,” the width 
of the band would measure 4.5 to 5 millimeters. 
The width of the band in a dog’s auricle cal- 
culated by Wilson, Macleod, and Barker meas- 
ured 3.6 to 4 millimeters.’° It must again be 


the sink but so oriented that the fields sur- 
rounding the source and sink cross the elec- 
trode, a similar diphasic wave will be obtained 
though of lesser amplitude. The peak-to-peak 
deflection of records of this type (semidirect 
leads) is known as the “‘intrinsicoid”’ or ‘‘semi- 
intrinsic” deflection*‘ and, insofar as it can be 
interpreted as indicating the passage of the 


Fic. 3.—Concept of dipolar excitation. End-on view of equipotential lines about two small cyl- 
inders with a voltage difference between them and submerged in an infinite volume of conducting 
medium. S-S represents extension of a line connecting the center of the two cylinders; I, the voltage 
line halfway between the sink and the source which is used as a reference. If the diagram is con- 
sidered to represent the voltage field about the sink and the source on an excitable cell, S-S would 
represent the cell surface, I the effective position of a distant (‘‘indifferent’’) electrode. The figure 
is plotted from laws governing the flow of current in volume conductors (Knight and Fett?!). 


remembered that these values are only first: 
approximations and that the actual width of 
the band of depolarization is indefinite. 


PRACTICAL CONSIDERATIONS 


The sudden reversal of voltage as the source 
and sink pass the electrode has been termed 
the “intrinsic deflection’? by Lewis, Meakins, 
and White.” If the exploring electrode is 
located at a place distant from the source and 


source and sink beneath the exploring elec- 
trode, serves as a valuable diagnostic aid. 
The conclusion, however, that the intrinsi- 
coid deflection is always the same as the in- 
trinsic deflection must be viewed with caution. 
When the electrode is directly on the surface 
of excitable tissue, effects of adjacent areas 
undergoing excitation are small. With the elec- 
trode at some distance from the source and 
sink, other areas of excitation will materially 
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and appreciably contribute to the field at the 
electrode and the result represents the sum of 
all fields at this point. The observed intrinsi- 
coid deflection may thus not represent the 
actual passage of the wave of excitation. This 
appears to be one of the reasons for the ab- 
sence of a delay in the intrinsicoid deflection 
over the right ventricle in certain examples of 
right ventricular hypertrophy and for the ap- 


Fie. 4.—A comparison of calculated and recorded 
action potentials. A (left), artificial action potential 
calculated by placing an electrode on I of figure 3 and 
moving the other electrode along the line S-S from 
the extreme right of the diagram to the extreme left. 
The voltage lines crossed are plotted as a function of 
the distance along S-S and according to the laws of 
volume conduction. (See text.) B, Enlarged Pors of 
figure 1. The essential similarity to A is apparent. 


parent alteration of excitation over the right 
ventricle in instances of left ventricular hy- 
pertrophy and left bundle branch block. How- 
ever, when the electrode is close to excited 
tissue, and when this tissue is belatedly acti- 
vated, the intrinsicoid deflection is probably a 
valid indication of the passage of the excitatory 
wave. 

Macleod, Wilson, and Barker were unable 
to obtain an intrinsicoid deflection from auricu- 
lar muscle comparable to that observed in 
leads from the vicinity of ventricular mus- 
culature. They suggested that this was due to 


the difference in the manner in which the ex- 
citation process spreads over ventricular as 
compared to auricular muscle. Deflections simi- 
lar to the one under discussion, however, and 
clearly showing an intrinsicoid deflection have 
since been demonstrated with an electrode 
placed in the esophagus and almost in contact 
with left auricular tissue. A semi-intrinsic de- 
flection is observed with such electrodes even 
when auricular flutter is present. Auricular en- 
docardial records, not necessarily in contact 
with cardiac tissue, are likewise characterized 
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Fig. 5.—The dipolar concept of cardiac action cur- 
rents and the intrinsic deflection. P defines a point 
representing the location of the exploring electrode. 
Electrical potentials recorded at P will show increas- 
ing positivity as the action current advances in the 
direction of P. As the dipole passes over P the poten- 
tials at this point will swing from maximum positivity 
to maximum negativity and the distance between the 
peaks will be proportional to the width of the dipolar 
band of cardiac accession. The interconnecting line 
between the two maxima of the curve is closely re- 
lated though perhaps not identical with Lewis’ in- 
trinsic deflection. 


by a diphasic component. The similarity be- 
tween endocardial auricular and esophageal 
(epicardial) auricular records is in contrast with 
the striking difference that exists between rec- 
ords taken from the ventricular cavities when 
compared with epicardial ventricular leads. 
This confirms the theory that the order of 
excitation of auricular muscle, though not ex- 
citation itself, is different from that of the 
ventricles. In the auricles, excitation spreads 
radially from the sinoauricular node over the 
sheet of auricular tissue; in the ventricles, direct 
penetration of ventricular muscle by the ex- 
citation wave from within outward and its 
simultaneous emergence at the surface at sev- 
eral points are generally accepted. 





AURICULAR EXCITATION 


Cee 


1 

h 
d 
\ 
| 


aq m1 

me 

UT TT TT Cr 
Lal nililliin 


ye 
HHMI: Wa 


N 
t 
iD 


fl 


UT 
THT 


ATTRA 





> ||| 
wt 
| 


( 
; 


PII TI 


j 
ty 


MT 


ah ait 
SS MTT eT 
Pe MT THT 


Hy 


4 
r 


| 
‘ill 


b 
Py | 


eo 


- 


* 
eo 
Lis 


i 
HNN 


rT 
HITT 

1 

F | 

mL 

ill HTT 

ma iii | 

EET se © eS FT 


| 


I 
3 TTT TT 


7 
I 
= 
= 
a 
a 
= 
= 
s 
= 
7 
fi 


UT 


NLL 


LS 


Fic. 6.—Semi-intrinsic deflection of esophageal leads. A and D represent esophageal leads of a 
normal subject obtained with an electrode placed 38 cm. from the front teeth and recorded simul- 
taneously with Lead I (A) and Lead V; (D). Records B, F, and F are similar records of a 23 year 
old patient with advanced mitral stenosis and excessively striking ‘‘mitral P waves’’ (B). The eso- 
phageal electrode was placed 38 cm. (B, E) and 35 em. (F) from the front teeth. Records C and G 
are those of a 59 year old man with advanced chronic obstructive emphysema. Unusually tall ‘‘pul- 
monary”? P waves are displayed in the standard limb leads II and III (C). 

The first arrow of each record defines the onset of auricular activation; the second the onset of 
the auricular intrinsicoid deflection. The figure (in seconds) denotes the onset of this deflection or 
the distance between the two arrows. 

The onset of the intrinsicoid deflection in auricular esophageal leads of normal individuals is 
definitely later than the major portion of P in standard limb leads or in Vi (A, and D). It is markedly 
delayed in B, £, and F, where definite left auricular enlargement was present, and occurs simultane- 
ously with the second hump of P in I (B) and with or after the negative phase of Pin Vi (E and F). 
The esophageal record in the subject displaying P pulmonale appears normal in the face of an ab- 
normal P wave in V;. The onset of the intrinsicoid deflection and the shape of the preintrinsic plus 
deflection (Pz) in mitral stenosis is reminiscent of ventricular curves in bundle branch block. An 
early negative component (Pq) is noted in all esophageal leads and coincides with the major and 
early upright component of P in Leads I and Vj. 

The esophageal record displaying the latest intrinsicoid deflection of F is still definitely later 
than the onset of this deflection in D and G. 

Film speed 50 em. per second; time interval, 0.1 second. 


Auricular esophageal leads reveal an intrinsi- the endocardium by blood contact have ever 
coid deflection which may be assigned to the been demonstrated for the right auricle. The 
activation of left auricular tissue. No intrinsi- true intrinsic deflection from this chamber ap- 
coid deflections other than those obtained from parently is hidden by the potentials from other 
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regions because of the distance of the electrode 
from the auricular surface. A lead usually con- 
sidered to represent the effects of activation of 
the right auricle (V,) shows a small, upright, 
rounded deflection quite different from the de- 
flection of the left auricular esophageal lead 
(figs. 6 and 7). It may be argued that the ab- 
sence of a distinct diphasic deflection obtained 
from an electrode in this position indicates that 


ao 


of excitation never completely passes under the 
region being explored.2:* A chest lead in Lead 
V, position, usually directly opposite the right 
atrium, need not necessarily be considered a 
semidirect auricular lead. It is of interest, how- 
ever, that the onset of right auricular activa- 
tion, evidence of which appears simultaneously 
in leads from the right auricular endocardium 
and in V,, definitely precedes the onset of 


Fic. 7.—Normal and abnormal activation of left auricular musculature. Lead Vi and esophageal 
auricular leads recorded simultaneously. A, B, and C were obtained from a 34 year old norma! sub- 
ject; D, E, F, and G from a 59 year old man with a markedly stenotic and calcified mitral valve, 
left auricular and right ventricular hypertrophy and dilatation (autopsy). The onset of the in- 
trinsicoid deflection of all auricular esophageal leads in D, E, F, and G is definitely delayed and 
coincides with the final segment of the typically biphasic P wave in Vi. A single upright esophageal P 
deflection characterizes left auricular hypertrophy in the regions where the intrinsicoid deflection 
is most delayed while a biphasic P wave is usually seen in all auricular levels of the normal esophageal 
electrocardiogram. Film speed 75 mm. per second; time lines 0.2 second. Arrows and figures as in 


figure 6. 


he electrode lies always in the field of one side 
of the dipole, that is, sharply to the left or to 
he right of the diagram of figure 3 and that 
he center line of the dipole never crosses the 
egion under the electrode. This would be pos- 
ible if the impulse spreads radially over the 
uricular muscle. A rounded, upright P wave 
n V, would be so for the same reason that 
eads from the sinus region and from the area 
ephalad to it (upper auricular region and vena 
‘ava) are always uniformly negative: the wave 


positivity in left auricular (esophageal) leads 
of normal subjects (figs. 7 and 8) and that the 
intrinsicoid deflection recorded from these esoph- 
ageal regions coincides approximately with 
the final portion of the small, rounded deflec- 
tion of the P wave in V, or in any of the 
standard limb leads (figs. 6, A, and D, and 
7, A, B and C).* It is exaggerated in left au- 
ricular hypertrophy and enlargement,”>-? where 
a true delay in the intrinsicoid deflection similar 
to that observed over hypertrophied and di- 
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lated ventricular muscle, is common. In in- 
stances of this kind, V; or a lead taken one 
intercostal space higher, reveals a sharp, bi- 
phasic deflection remotely resembling the bi- 
phasic plus-minus deflection of figure 1 (figs. 6 
7, and 8). This was first noted by one of us*° 
and has frequently been reported since. Stand- 
ard limb leads usually reveal a broad and 


the electrode. Records of this kind should not 
be considered as representing an intrinsicoid 
deflection caused by hypertrophy of the right 
auricle which has frequently been proposed.*?-* 
The biphasic pattern of the P wave in V, occa- 
sionally encountered in normal subjects may 
likewise be considered as a remote effect of 
auricular muscle distant from the exploring 


Fic. 8.—Right and left auricular enlargement with _ ventricular hypertrophy. Lead V; and 


esophageal auricular leads recorded simultaneously. 


A, B, and C are from a 36 year old man with 


cor pulmonale following chronic pneumonitis and fibrosis of the entire left lung and of the lower 
and middle lobes of the right lung. The right ventricle was predominantly enlarged and the right 
auricle dilated (autopsy.) D, E, and F were obtained from a 24 year old man with advanced mitral 
stenosis. The electrocardiographic evidence of right ventricular enlargement was almost identical 
in both subjects. Auricular esophageal leads were normal in A, B, and C but showed definite delay 
of intrinsicoid deflection in esophageal leads with biphasic P waves in V; in the second case. Film 
speed 75 mm. per second; time lines 0.2 second. Arrows and figures as in figure 6. 


bifid P wave in Lead I (‘‘mitral” P of Winter- 
nitz*!). The second hump of P in standard 
leads and the negative trough in V, coincide 
with the onset of the intrinsicoid deflection in 
left auricular leads (esophageal leads) (figs. 6, 
B, E, and F; 7, D, E, F, and G; 8, D, E, and 
F). It is assumed that precordial leads dis- 
playing a strikingly biphasic P wave in V; 
therefore express late activation of the left 
auricle and of auricular muscle remote from 


electrode. It is of interest to recall that the 
mechanical contraction of the right auricular 
muscle slightly precedes that of the left.* 
Because no semidirect thoracic lead exists 
which reflects the changes of the right auricle, 
hypertrophy of this chamber appears almost 
impossible to diagnose electrocardiographically. 
Originally, a tall and upright P wave in Leads 
II and III was taken as evidence of right au- 
ricular hypertrophy (‘‘P pulmonale’”*). In clin- 
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ical examples of this kind, the P wave in Vi 
is rarely altered (fig. 8, A, B, and C), though 
it may at times be negative or small and bi- 
phasic (fig. 6, @). Esophageal leads from such 
subjects fail to show a late activation of left 
auricular tissue (figs. 6, C and G, and 8, A, B, 
and C). It is therefore postulated that the 
pattern of P pulmonale is not caused by uni- 
lateral auricular hypertrophy but may be pri- 
marily the result of abnormal cardiac rotation 
or of auricular dilatation which allows the elec- 
trical effects of both auricles to be deflected 
backward and toward the left leg. The lack of 


CONCLUSIONS 


1. Direct electrocardiograms obtained from 
the human auricular muscle in situ allow a re- 
examination of the dipole approximation of 
the membrane theory of cardiac excitation. 

2. It is assumed that during activation a cur- 
rent flows between two lines, one at the leading 
edge and one at the following edge, of a band 
expressing depolarizing activity of muscle units 
submerged in a volume conductor. 

3. The line charges and their equipotential 
lines extend throughout the conducting fluid 


Fic. 9.—Transient pulmonic P waves. Records of R. B., a 56 year old man with far-advanced 
chronic obstructive emphysema. A was obtained on July 7, 1948, B on August 3, 1948, and C on Au- 
gust 11, 1948. Treatment with digitalis was discontinued on July 12, 1948, and the patient lapsed 
into congestive heart failure. Rapid redigitalization was instituted on August 4, 1948, which re- 
sulted in prompt compensation. ‘‘Pulmonic’’ P waves appear in Leads II and III during the period 
of failure only. This is mainly occasioned by a sharp increase in P in Vy. Distension of the right 
auricle rather than auricular hypertrophy is suggested as the explanation for the transient changes. 


correlation between right auricular hyper- 
trophy and ‘‘P pulmonale” has been frequently 
noted.**-4° Figure 9 reveals an example of tem- 
porary acute cor pulmonale in a patient with 
‘hronie disease of the lungs. During the phase 
f failure, huge “pulmonary P waves” were 
resent which promptly disappeared upon re- 
‘overy. Observations such as these likewise 
rgue against the concept that views P pul- 
1onale as a manifestation of right auricular 
ypertrophy. On the other hand, regression of 
iitral P waves, once present, has never been 
bserved to our knowledge. The two types of 
’-wave changes are therefore unrelated and 
rise from entirely different mechanisms. 


of the body ‘and an electrode located in the 
path of the moving dipole will record a diphasic 
plus-minus deflection. Employing available for- 
mulas for the flow of currents in volume con- 
ductors, a record may be plotted that has 
striking similarities to those obtained from 
direct leads in animals and man. 

4. These considerations are directly appli- 
cable to semidirect auricular leads. An elec- 
trode placed in the esophagus may be consid- 
ered to lie in the field of the moving dipole. 

5. The intrinsicoid deflection of such leads 
may be used to estimate left auricular hyper- 
trophy. From these the remote effects of auricu- 
lar activation on standard limb leads and on 
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certain precordial leads can be interpreted with 
reasonable accuracy. 

6. The ‘“‘mitral” P wave and sharply biphasic 
P waves in V; may be considered to result from 
left auricular enlargement. Right auricular 


hypertrophy on the other hand cannot be diag- 
nosed from the electrocardiogram and examples 
of “pulmonary” P waves may be caused by 
abnormal cardiac rotation allowing the effects 
of both auricles to be deflected backward and 
toward the left leg. 
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Studies in Intracardiac Klectrography in Man 


IV. The Potential Variations in the Coronary Venous 
System 


By Haro.p D. Levine, M.D. anp WatterR T. Goopate, M.D. 
with the technical assistance of Eunice Gilman 


Two parallel researches in progress at the Brigham Hospital, one an investigation of intracardiac 
electrography in general, the other a long-term study of heart muscle metabolism with the aid of 
the venous catheter, converge, resulting in the interesting practical and theoretical findings re- 
ported here. The authors show how the electrogram may help establish the position of the cathe- 
ter in the coronary venous system and indicate the type of potential variations recorded in the 
coronary sinus, in its continuation, the great cardiac vein, and in its tributary, the middle cardiac 


vein. 


NTIL recently our concepts of the mode 

of electrical activation of the human 

heart have been derived largely from 
studies of the canine heart. With the advent 
of venous catheterization technic, and the pos- 
sibility of recording the potentials within the 
right side of the heart, the similarity of right 
sided potentials in man to those in the dog 
has been demonstrated.'— Left ventricular cav- 
ity potentials have also been recorded in man, 
once by the hazardous procedure of passing a 
catheter through the arterial system and the 
aortic valve into a normally activated left ven- 
tricle, and once by passing the catheter 
through an interatrial septal defect and the 
mitral valve into the left ventricle of a patient 
with right bundle branch block.” In both of 
these studies, the QRS complex within the 
left ventricle was directed downward. Since in 
both instances the septum is presumed to be 
activated in a normal direction from its left 
to its right side, these studies apparently con- 
firm the similarity of left as well as right ven- 
tricular cavity potentials in man to those in 
the dog. In two other studies,’:* the recording 
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of left-sided potentials was not clearly docu- 
mented. 

Coronary venous catheterization technic" 
has offered still another feasible approach to 
the study of the electrical activation of the 
human heart, as we have already reported in 
preliminary form.’ This procedure has been 
used chiefly for studies on coronary blood flow 
and myocardial metabolism in dogs and man, 
in collaboration with Bing, Eckenhoff and their 
associates.!5—!8 One observation of the electrical 
potentials recorded through a catheter fortui- 
tously inserted into the coronary sinus of a 
patient with hypertensive cardiovascular dis- 
ease was reported recently by Kert and Hoo- 
bler."° The present report is an analysis of the 
potentials recorded through a catheter system- 
atically inserted into the various accessible 
branches of the coronary venous system, in- 
cluding the coronary sinus, great cardiac vein 
and middle cardiac vein, among six subjects 
with essentially normal hearts 


MeEtTHOD 


The coronary sinus, great cardiac vein or middle 
cardiac vein were catheterized using a No. 7 or 8F 
“‘bird’s eye” venous catheter provided with multiple 
openings near the tip, as described elsewhere.'** 

A systematic technic of intubating the coronary 
sinus and its branches, following the essential prin- 
ciples formulated for the same procedure in intact 


* Available from the U. 8. Catheter and Instrument 
Co., 334 Bay St., Glens Falls, N. Y. 
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logs,® was applied to the present studies in man. 
The regional anatomy pertinent to coronary sinus 
‘atheterization was recently described by Bing and 
issociates,!* and will therefore not be reviewed here. 

The catheter was introduced into the right atrium 
ry the technic of Cournand and Ranges.?° The tip 
vas then passed into the inferior vena cava. This 
naneuver was often aided by having the patient 
ake a deep breath just as the catheter was ad- 
‘anced downward from a position low and posterior 
n the right atrium. Often the right anterior oblique 
osition gave a better view of the posteriorly oriented 
nferior vena cava, so that the catheter could be 
lirected into it more deliberately. 

Once inside the inferior vena cava, with the sub- 
ject now returned to the posteroanterior position, 
the slightly curved tip was turned to point medially 
(toward the patient’s left), and cautiously with- 
drawn into the atrium. At the instant at which the 
catheter tip flicked free from the vena cava into the 
atrium proper, a slight medial shift of the tip oc- 
curred, aided by the fact that the curved tip had 
already been directed medially. This slight shift 
carried the tip to a point directly opposite the 
coronary sinus ostium, which lies immediately ad- 
jacent to the inferior vena cava, on the posteroin- 
ferior medial surface of the right atrium, with only 
the Eustachian ridge separating the ostia of the two 
vessels. After several thrusts of the catheter at this 
point, the tip would usually enter the coronary 
sinus ostium. Again, alternating posteroanterior and 
right anterior oblique fluoroscopic views often helped 
to make sure that the catheter remained properly 
oriented along the posterior atrial surface. If the tip 
was allowed to drift anteriorly, it would almost 
invariably pass through the tricuspid valve into the 
right ventricle. 

As the catheter now passed into the coronary 
sinus and on into the great cardiac vein, it ap- 
peared to turn sharply across the cardiac shadow, 
slightly cephalad, across the posterior surface along 
the atrioventricular groove, often reaching the left 
border of the heart. Occasionally the catheter en- 
tered the middle cardiac vein, passing from its 
ostium, just inside the coronary sinus ostium, out 
along the posteroinferior septal surface toward the 
upex. 

Difficulty in intubating the coronary sinus be- 

iuse of deflection of the catheter by a prominent 
|.ustachian ridge has been reported.!* This has not 

‘en apparent during the present study, possibly 

‘cause of selection of a catheter with only a slightly 
curved tip. The optimal curve in the tip for this 
| ocedure has appeared to be much less than the 

‘timal curve for entering the right ventricle and 
| monary artery. Likewise the remnant of the valve 

the coronary sinus (thebesian valve) has never 
‘ peared to interfere with coronary sinus intubation 
| the adults studied. Insertion into the coronary 

nus has been found to be distinctly easier from the 


left arm, because of the natural tendency for the 
curve to be oriented medially in the right atrium 
when approached from this direction. It has some- 
times been difficult or impossible to keep the tip 
pointed in the proper direction on withdrawal from 
the inferior vena cava, when the heart has been 
approached from the right arm. It has also been 
very difficult to approach the coronary sinus with 
any degree of consistency by first going through the 
tricuspid valve and using this as a point of reference 
rather than the inferior vena cava. It has usually 
been obvious within two or three minutes of fluoros- 
copy time whether or not the catheter has been 
properly curved to enter the coronary sinus. If not, 
a second, third or even a fourth catheter has been 
tried in succession, often with success as one with 
the proper curve and orientation has been obtained. 
Seventeen out of 30 such procedures have been 
technically successful over the past year, with most 
of the failures occurring in heavy or emphysematous 
patients where fluoroscopic visualization has been 
poor. Patients with dilated or hypertrophied left 
ventricles have presented no special difficulty by 
the technic described, possibly because such patients 
also tend to have a dilated coronary sinus. Once the 
catheter has been passed successfully into the inferior 
vena cava, the technic of coronary sinus catheteri- 
zation has been successful in 7 of the last 11 pro- 
cedures. 

The localization of the catheter within the coro- 
nary venous system was determined first by the 
characteristic course of the catheter under fluoro- 
scopic control. Distinction between a position within 
the right ventricle and the coronary sinus was 
easier in the right anterior oblique than in the 
posteroanterior view, as illustrated elsewhere in 
dogs.'® Successful coronary venous catherization was 
then confirmed by the pressures recorded through 
the catheter by means of a Sanborn electromanom- 
eter. Unless there was some element of coronary 
venous obstruction by the catheter, there was never 
more than 1 or 2 mm. pressure gradient between 
the mean levels in the coronary venous system and 
the right atrium (see table 1), and a characteristic 
short systolic pulse pressure wave was clearly dis- 
tinguishable from pressures in the right ventricle or 
right atrium. Absence of extrasystoles did not prove 
to be a completely reliable indication that the cath- 
eter was in the coronary venous system rather than 
the right ventricle, as discussed below, but it was 
none the less true that rapid runs of multiple ven- 
tricular extrasystoles were seen only when the cath- 
eter was in the right ventricle. Finally, coronary 
venous blood samples were much darker than mixed 
venous blood, as emphasized in previous reports, 
reflecting a very low coronary venous oxygen satura- 
tion. Significantly lower levels of pyruvate, lactate 
and glucose were also characteristic of coronary 
venous blood compared to arterial blood, measured 





50 STUDIES IN INTRACARDIAC ELECTROGRAPHY IN MAN 


by methods discussed in detail in connection with 
similar findings in dogs. (See table 1.) 

A stainless steel wire of 1/64-inch diameter was 
passed to within four centimeters of the tip of the 
catheter. The proximal few centimeters of the wire 
TaBLeE 1.—The Chemical and Manometric Findings 

in Coronary Venous Blood 


Name G. L. 


Pressures, 

mm. Hg 

Coronary 
venous: 

Right 
Auricle: 

Right 
Ventri- 
cle: 


Oxygen 
Con- 
tents, 
vol. % 

Arterial: 
Coronary 
venous: 


Pyruvate, 

mg. % 
Arterial: 
Coronary 
venous: 


Lactate, 
mg. % 
Arterial: 
Coronary 
venous: 


Glucose, 
mg. % 
Arterial: 110 = 92 106 
Coronary 9  8i 97 
venous: 


* Values in parenthesis were apparently obtained 
with the catheter partially obstructing the coronary 
venous system, with lower subsequent values ob- 
tained after withdrawing the catheter slightly. 


were incorporated in and passed through a three-way 
stopcock whose distal end fitted into the proximal 
end of the catheter and whose lateral arm received 
the tube leading to a saline drip apparatus or a San- 
born electromanometer (condenser microphone 
type). The proximal end of the wire was coupled 
to a central terminal of the Wilson type. A con- 
tinuous saline drip was run through the side arm 


of the adapter except when pressure measurement 
were being made or samples of blood were bein; 
drawn for chemical analysis. To prevent the devel 
opment of artefacts and wandering of the baselin: 
of the electrogram, it was necessary to eliminat: 
any leakage about the adapter. Tracings of th 
intracardiac potentials were recorded simultane 
ously with the unipolar left leg lead (Vr) with 
Sanborn Tri-Beam Electrocardiograph. In one in 
stance a Cournand double-lumen catheter,?! whos 
proximal lateral opening was 10 em. from its dist 
terminal opening, was used. In this way it was po- 
sible to record the potentials simultaneously at tw) 
points within the heart, e.g., coronary sinus ani 
right atrium, pulmonary artery and right ventricl: , 
or right ventricle and right atrium. In all eases 
additional recordings were made at one or more 
points in the right ventricle and atrium, as well as 
conventional and unipolar limb leads and unipol:: 
chest leads for comparison with the potentials in 
the coronary venous system. 


RESULTS 


Seven successful coronary venous catheteri- 
zations were carried out in 6 individuals with 
normal hearts, among 12 deliberate attempts 
in 10 subjects. In 5 of these subjects the po- 
tentials of the coronary sinus and great cardiac 


vein were recorded. In 2 subjects records were 
obtained with the catheter at several different 
points within the middle cardiac vein. 


The Potentials in the Coronary Sinus and Great 
Cardiac Vein 


In subject G.L., when the catheter was in 
the great cardiac vein the auricular complex 
was directed entirely upward (fig. 14) with the 
intrinsic deflection at 0.08 second. The descend- 
ing limb did not quite return to the isoelectric 
line but was followed by a secondary upward 
deflection (R’a) with a slightly more gradual 
slope, measuring about half as tall as Ra. The 
returning limb of the secondary R wave de- 
scended slowly and flattened out to form an 
upward deviation of the auriculoventricular 
segment (R’a-Q) in the manner described else- 
where.*: § This gave way to a deep broad (0.06 
second) ventricular Q wave, a less promineit 
R wave, and an inverted T wave. When the 
catheter was now withdrawn about 2 em. inio 
the coronary sinus proper, the auricular de- 
flection (fig. 1B) consisted initially of a slow 
upward component beginning about 0.04 se:- 
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nd after the beginning of the P wave recorded 
imultaneously in Lead Vy. This was super- 
ded by a rapid equi- and bi-phasic deflection 
RSa) whose apex (intrinsic deflection time, 
ecorded at the apex of this rapid auricular 
leflection) occurred 0.07 second after the be- 
inning of the P wave. The Sa wave returned 
ot quite to the isoelectric line and was super- 
eded by a small downward deflection which 


GREAT CARDIAC VEIN 


second. The ventricular complex at each level 
consisted of a broad QS followed by an in- 
verted T wave. It was also observed that 
whereas deep inspiration moved the catheter 
a considerable distance and produced corres- 
ponding changes in the appearance of the au- 
ricular complex while the catheter was in the 
right atrium, a similar deep inspiration while 
the catheter was in the great cardiac vein pro- 


CORONARY SINUS 
Br 1-0,0.07 Sec. 


HIGH RT. ATRIUM 


| 1 J i J 7 
# 1.0. 0.02 SEC. 


Fig. 1.—Subject G. L.: Potentials in great cardiac vein (A) and coronary sinus (B) compared with 
potentials low (C) and high (D) in the right atrium. Note the lateness of the intrinsie auricular 
deflection in the coronary venous system as compared with the right atrium, and the prominent 
ventricular Q and R in the coronary veins compared with the QS type of deflection in the right 


atrium. 


followed immediately after the completion of 
the P wave in Lead V,. This in turn was fol- 
lowed by a biphasic ventricular complex con- 
“isting of a prominent Q wave 0.06 second in 
curation and exceeding the following ventricu- 
car R wave in both magnitude and duration. 
his was followed by an inverted T wave. 

In this individual, electrograms were also 
“btained at high and low levels in the right 
‘trium. It will be noted that at low levels 

ig. 1() the intrinsie deflection occurred at 
('.03 second and at high levels (fig. 1D) at 0.02 


duced no change in electrographic appearance 
or in the position of the catheter as determined 
by fluoroscopic observation in posteroanterior 
and oblique projection. This is interpreted as 
evidence of the absolute or relative immobility 
of the catheter while in the great cardiac vein, 
the force developed by inspiration apparently 
merely taking up the slack in the intra-atrial 
portion of the catheter. 

In subject G.C. electrograms were recorded 
at only one point in the coronary sinus. At 
this location the auricular complex (fig. 2) con- 
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sisted of an upward deflection (Ra) with an 
intrinsic deflection at 0.07 second. The return- 
ing limb of this Ra was interrupted by a sudden 
break with a slower return toward the isoelec- 
tric line. This constitutes an upward deviation 
of the Ra-Q segment. This in turn was super- 
seded at a level still above the isoelectric line 
by a prominent Q wave which began shortly 
before the beginning of Q of simultaneously 
recorded Lead Vy. The broad Q was followed 


Fic. 2.—Subject G. C.: Characteristic coronary 
sinus potentials (upper curve) with a very tall up- 
right P wave, late intrinsic auricular deflection (0.07 
sec.), prominent Q and R waves. Simultaneous Lead 
Vr (lower curve). 


“CORONARY SINUS 


| | | 
i 4 
| | ba 0.05 SEG 
> . 


af 


Fig. 3.—Subject C. M.: Coronary sinus potentials 
(upper) with simultaneous Vy lead (lower curve). 
Intrinsic auricular deflection at 0.05 sec.; deep Q 
wave, prominent R wave. 


by a prominent R, not quite so large as Q, and 
this in turn by a prominent S wave. The T 


wave was inverted and asymmetrical with a . 


long gradual descending limb and a more rapid 
ascending limb. Tracings taken high in the 
right atrium showed the intrinsic deflection to 
occur at 0.01 second. 

In subject C. M., electrograms again were 
obtained at only one point in the coronary 
sinus. In this instance the auricular complex 
(fig. 3) began with a small rounded elevation 
synchronous with the first half of Py, inter- 


rupted by a large Ra wave, which in turn was 
followed by a small Sa wave. The intrinsic 
deflection of the auricular complex occurred at 
0.05 second. After an isoelectric interval, thi: 
was followed by a broad Q wave (0.05 secon 
in duration) and this, in turn, by a slightly 
smaller and narrower R wave. The T wave wa: 
notched and slightly inverted. 

In subject T.D., the coronary sinus tracing 
were somewhat atypical (fig. 4). The Ra de 
flection was much less conspicuous. The in 
trinsic deflection was inscribed at 0.07 second 
The Q wave was less prominent and narrowe: 
(0.03 second) and R more prominent than in 
the coronary sinus tracings described above 


CORONARY 
"SINUS _ 


Fig. 4—Subject T. D.: Coronary sinus potential 
with small intrinsic deflection at 0.07 sec., prominent 
Q and tall R wave. 


The T wave was biphasic but predominantly 
inverted. 

In subject M.C., tracings obtained in the 
great cardiac vein (fig. 5A) showed a very 
large auricular deflection with the apex of Ra 
at 0.06 second. A definite Sa wave followed. 
This was followed by large ventricular Q and 
R waves and a biphasic T wave. 

On withdrawing the catheter frdm the great 
cardiac vein to the coronary sinus proper nu- 
merous supraventricular premature beats de- 
veloped and the Sa wave disappeared (fig. 5B). 
The intrinsic deflection was now inscribed at 
0.07 second. Meanwhile, although ventricular 
Q and R waves were retained, an auricular 5 
wave reappeared (fig. 5C, beginning of strip). 
Continuous tracings (fig. 5C) were then re- 
corded as the catheter was withdrawn from 
the coronary sinus into the right atrium. Ret- 
erence to this figure shows how the complexe 
were characteristic successively of the coronary 
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- nus, then of the right atrium and finally of sec.) electrograms from the first 4 subjects de- 


‘he right ventricle. scribed above are reproduced in figure 6. The 


G EAT C RDIAC VEIN amis : ___CORONARY SINUS 


CORONARY SINUS 


Fic. 5.—Subject M. C.: Excerpts from a continuous tracing during withdrawal of the catheter 
from the great cardiac vein. An Sa wave is present deep in the great cardiac vein (A), disappearing 
at a point (B) in the coronary sinus, only to reappear in the proximal coronary sinus (C). The final 
strip (C) was recorded as the tip of the catheter was withdrawn from the coronary sinus into the 
right atrium and passed into the right ventricle, and shows in turn the characteristic potentials of 
each region. Note the supraventricular premature beats (x) in strip B, during withdrawal of the 
catheter through the coronary venous system. 


6c. GM. 


| if Lc 











TE COT 


“GREAT to VEIN & COR. SINUS 
WITH SIMULTANEOUS VF POTENTIALS 


Fic. 6.—Low speed electrograms (25 mm. per sec.) from the coronary venous system (upper) with 
simultaneous Vr potentials (lower curves) in 4 normal subjects. Note the family resemblance of these 


tracings. 


i 


o demonstrate the family resemblance of existence of auricular intrinsic deflections, usu- 
pc ientials recorded in the coronary sinus or ally of considerable magnitude, their inscrip- 
gat cardiac vein, the low speed (25 mm. per tion at the height of or during the latter half 
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of the P wave of simultaneously recorded Lead 
Vy and the existence of prominent ventricular 
Q and R waves and of inverted ventricular T 
waves are at once apparent. 


The Potentials in the Middle Cardiac Vein 


In 2 of the 6 individuals studied, the catheter 
was passed into the middle cardiac vein as de- 
termined by fluoroscopic examination and ro- 
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lar R wave was not recorded. This tracing 
probably represented right ventricular epicai 
dial potentials. 

The absence of a Q wave when the cathete» 
was over the left ventricular epicardium an! 
the absence of an R wave over the right ven- 
tricular epicardium suggests that the catheter 
tip may have been very close to the septuri 
in each instance. 


MIDDLE CARDIAC VEIN CMCV) POTENTIALS 


DISTAL MCV 
A | 


SUBJECT A. B. 


a 
EK 
_ 
oO 
Ww 
“> 
a 
= 
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ng 1 ft 


PROXIMAL MCV 


PROXIMAL MCV 
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Fic. 7.—Electrograms recorded in the distal portion (A and C) and the proximal portion (B and D) 
of the middle cardiac vein (MCV) in 2 subjects. Note the development of ventricular premature beats 
with the catheter in place in each subject. In the lower tracings (C and D) a double lumen catheter 
was used, with the proximal lumen in the right atrium (RA). 


entgenograms made with the subject rotated 
in various positions as well as by chemical and 
manometric determinations (table 1). In pa- 
tient A.B., with the catheter a considerable 
distance into the vein, a flat P wave (fig. 7A), 
followed by an R wave, was recorded. No Q 
wave was present. The T wave was upright. 
These tracings correspond to left ventricular 
epicardial potentials. When the catheter was 
drawn a few centimeters more proximal, the 
electrogram (fig. 7B) changed abruptly from a 
predominantly upright to a downward (QS) 
complex followed by a flat T wave. A ventricu- 


Subject T.D. showed a similar left ventricu- 
lar epicardial potential when the catheter was 
passed for 4 to 5 cm. into the middle cardiac 
vein, although here there was a small Q wave 
(fig. 7C, lower curve). On withdrawing the 
‘atheter more proximal again an abrupt shift 
to a right ventricular epicardial pattern wis 
noted, this time with a small R wave (fig. 7), 
lower curve). Since this R wave of the rigiit 
ventricular epicardial potential coincided wiih 
the Q wave of the left ventricular epicard al 
potential, it seems reasonable that they repre- 
sent two aspects of the same electrical eveit, 
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ramely, septal activation. Furthermore, unlike 
tae tracings in subject A.B., each of the 
iectrode positions must have been far enough 
{om the plane of the interventricular septum 

) face respectively the approaching wave of 
:optal activation at the proximal position and 
ine retreating wave at the distal position. 

Isolated ventricular premature beats were 

ted when the catheter was passed into the 
middle cardiac vein in each instance as illus- 
trated in figures 7B and 7D. 

When figure 7D was recorded, the proximal open- 
ing of a double lumen catheter was in the right 
atrium near the superior vena cava (upper curve) 
and the distal opening in the middle cardiac vein 
(jower curve). The third QRS complex is premature 
and of greater duration and magnitude than the 
preceding or following QRS complexes. As recorded 
at the superior caval electrode, the auricular com- 
plex follows the premature ventricular complex, in- 
terrupting the ventricular T wave. This auricular 
complex, in contrast to all other auricular complexes 
in this strip, which were directed entirely downward, 
was biphasie with an initial upward and final down- 
ward deflection. This indicates that whereas the 
impulse in the normal beats proceeded away from 
the superior vena cava, in the premature beat atrial 
depolarization first approached then receded from 
the superior vena cava. The post-extrasystolic pause 
Was quite compensatory but the changed direction 
of atrial depolarization suggests retrograde depolari- 
zation of the atrium if not of the sinoatrial node. 


DIscUSSION 
Left Atrial Potentials 


Previous studies'~* have demonstrated the 
presence of large auricular deflections within 
the right atrium, being inscribed early at high 
atrial levels and later at low atrial levels, but 
in general occurring during the first half of the 

wave of a simultaneously recorded limb lead. 
vy the use of simultaneously recorded intra- 
atrial and esophageal leads,* it was shown that 
ie right atrium was activated some 0.05 to 

8 second earlier than the left atrium as re- 
‘orded in the esophageal lead at approximately 

e same horizontal plane. It appeared then 

at, in general, the right atrium is stimulated 

fore the left and that the auricular intrinsic 
‘flection occurs during the first half of the 
wricular complex in the right atrium and dur- 
ig the second half of the auricular complex 
in the left atrium. 


When the catheter is introduced into the 
orifice of the coronary sinus in the lower part 
of the right atrium, it must take a leftward 
course. Unless the tip happens to enter the 
tributary middle cardiac vein, the catheter, on 
further insertion, tends to follow the course of 
the coronary sinus and its continuation, the 
great cardiac vein. This circles around the left 
side of the atrioventricular groove, then the 
left anterior aspect of this groove to the an- 
terior longitudinal sulcus where it turns toward 
the cardiac apex, paralleling in a general way 
the course of the descending branch of the 
left coronary artery. After passing through the 
heart wall at the inferior angle of the right 
atrium, the catheter very promptly enters the 
atrioventricular groove. At this point the elec- 
trode is at the brim of the left atrium and of 
the left ventricle, and capable of recording the 
potentials of both of these cavities. This is il- 
lustrated in figure 8, which shows the heart in 
sagittal section. It will be obvious that an elec- 
trode in the coronary sinus would reflect the 
potentials not only of the left atrial and ven- 
tricular cavities, but also of a portion of the 
epicardial surface of the left ventricle. 

One would predict then that the electrode 
in the coronary sinus must record the poten- 
tials of the lower part of the left atrium. The 
auricular intrinsic deflection should therefore 
occur at the height of or during the latter 
half of the P wave of simultaneously recorded 
Lead Vy. The further the electrode lies from 
the atrial pacemaker, the later should this in- 
trinsic deflection be inscribed. Assuming uni- 
form conduction of the impulse over the atrial 
surfaces, the electrode must eventually reach 
a point on the anterolateral aspect of the atrio- 
ventricular groove 180 degrees from the pro- 
jection of the sinoatrial node upon this groove, 
toward which point the wave of atrial depolari- 
zation must converge from all angles. At this 
point the rapid auricular deflection should be 
entirely upright, for no atrial muscle is stimu- 
lated after this point. Figures 1A, 2 and 5B 
are actual examples of the type of electrogram 
predicted. At points nearer the cardiac pace- 
maker the rapid deflection should be largely 
upward (Ra) but this might be followed by a 
downward (Sa) deflection because some atrial 
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muscle, further from the pacemaker, is stimu- 
lated later. Actual examples of this theoretic 
potential are illustrated in figures 1B, 3, and 
5C. If the catheter is now passed to a point 
beyond the meridian intercepting the pace- 
maker, the intrinsic deflection may again ap- 
pear earlier and an Sa wave may reappear 
because atrial muscle is now activated later 
than this new point. This is borne out by fig- 
ures 5A4-C showing an Sa wave in the great 


broad Q wave followed by an R wave. This 
Q wave corresponds to the initial ventricular 
deflection recorded directly in the chamber of 
the dog’s left ventricle.* It corresponds also ‘o 
the initial part of the human left ventricul:r 
cavity electrogram described by Zimmerm:n 
and co-workers" in aortic insufficiency, and hy 
Sodi-Pallares." The evidence of the preset 
study of normally activated hearts establishos 
this broad Q wave recorded in the coronary 


Superior right 
pulmonary vein 


Inferior right — 
pulmonary vein 


Inferior vena cava 


Fig. 8.—Relationship of the coronary sinus to the left atrium and left ventricle, in sagittal section 
(after Piersol?*). 


cardiac vein which disappears as the catheter 
is withdrawn into the coronary sinus, only to 
reappear on further withdrawal toward the 
atrium. The auricular complex recorded in the 
coronary sinus and the great cardiac vein is 
thus explained as the accessible left atrial po- 
tentials. In a general way this resembles the 
potentials recorded by the esophageal electrode 
at atrial levels.”?-*4 


Left Ventricular Potentials 


The initial ventricular complex in the coro- 
nary sinus and great cardiac vein begins as a 


sinus and great cardiac vein as representing 
the left ventricular cavity potential. The suc- 
ceeding R wave probably represents the acces- 
sible left ventricular epicardial potential. By 
contrast the initial ventricular complex in the 
right ventricular cavity shows a small initial 
R wave followed by a deep S wave. The initial 
ventricular complex recorded in the right at- 
rium generally consists of a QS deflection. 
Ventricular repolarization is normally repre- 
sented as an upright T wave on the precvr- 
dium overlying the left ventricle. In cur 
experience and in that of most observers*: ° it 





HAROLD D. LEVINE AND WALTER T. GOODALE 57 


is usually recorded as an inverted T wave in 
- right ventricular cavity but occasionally 
»s been reported as upright in that location.’ 
Siice the coronary sinus is normally in ana- 
to nical relationship with the left ventricular 
cavity and only to a slight extent with the 
leit ventricular epicardium, the potentials re- 
ecrded there must represent the composite 
efiect of left ventricular cavity and epicardial 
potentials. Since the T wave is inverted in the 
coronary sinus, the cavity effect must be pre- 
dominant. This relationship primarily to endo- 
cardium is emphasized in figure 8. 

Generalizations are hardly warranted on the 
basis of the observations of the potentials in 
the middle cardiac veins of only two individu- 
als. They do suggest some variability in the 
curves registered in that vessel depending pos- 
sibly upon a variation in the course of this 
vessel in relation to the posterior interventricu- 
lar sulcus. As the catheter in this vessel crosses 
the interventricular septum toward the apex, 
an abrupt change from predominantly down- 
ward (right ventricular) to predominantly up- 
ward (left ventricular) potentials may be 
detected as illustrated in figure 7. 

Kert and Hoobler’ published electrograms 
obtained from three positions in the coronary 
sinus of a patient with essential hypertension. 
Each electrogram showed auricular intrinsic 
deflections occurring during the latter half of 
the P wave recorded simultaneously in Lead 
V,. The first of the three tracings showed a 
broad ventricular Q wave followed by a broad 
R wave; the other two showed very incon- 
spicuous ventricular Q waves but very promi- 
nent R waves. These R waves differed in time 
from one position to another in the coronary 
sinus. The authors suggest that they reflect the 
ac ivation of different portions of the base of 
th left ventricle. The discrepancy between 
thse observations and ours, in which a broad 
Q vave was always recorded with the electrode 
in the coronary sinus, may be related to the 
fa: that all of our subjects had normal hearts, 
w! creas the patient of Kert and Hoobler had 
lei. ventricular enlargement. It is conceivable 
tht under the latter circumstance the coro- 
ni:y sinus may lie in a more intimate relation- 


ship with the epicardial than the endocardial 
aspect of the left ventricle. 


Accidental Catheterization of the Coronary Sinus 


In a previous communication from this labo- 
ratory,’ an initial ventricular R wave was noted 
in what was at first sight considered to be the 
right ventricle in all but 3 of 27 individuals. 
In 2 of these exceptions (subjects 6 and 26, 
figures 7F and 8 of that paper) it was impos- 
sible to confirm the intraventricular location 
of the electrode by passing the catheter on into 
the right pulmonary artery. The course of the 
catheter as determined in posteroanterior pro- 
jection by fluoroscopy and roentgenography 
was consistent with the location of the catheter 
in the right ventricle of these individuals but 
roentgen-ray observations with the subjects in 
the right anterior oblique position were not 
carried out. In the third subject (subject 8, 
figures 7A—E in the paper referred to) the 
catheter was successfully passed into the pul- 
monary artery. In these three individuals up- 
right or predominantly upright rapid auricular 
deflections and prominent ventricular Q waves 
were recorded. Simultaneous electrocardio- 
grams showed the auricular intrinsic deflection 
to be inscribed during the latter one-half of the 
P wave. It seemed clear that these potentials 
were developed in the left side of the heart 
and the possibility of accidental catheterization 
of the left atrium through an interatrial septal 
defect was suggested but not proved. 

It has been pointed out, however,!® that the 
anteroposterior projection of the catheter in 
the coronary sinus may be quite similar to 
that of the catheter in the right ventricle. The 
differentiation between these two possible’ 
courses of the catheter requires roentgen-ray 
examination in the right oblique position. Fur- 
thermore, the potentials recorded in the three 
subjects described above are identical with 
those recorded in the present study when the 
coronary sinus was deliberately catheterized. 
Accidental catheterization of the coronary si- 
nus, therefore, seems the most likely explana- 
tion for the electrographic findings in at least 
two (subjects 6 and 26) of the three instances 
described. The explanation for the findings in 
the third (subject 8) individual is not clear. 
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This digression has been deliberately pursued 
in some detail to emphasize the possibility of 
confusion in electrographic studies of the hu- 
man heart by accidental catheterization of the 
coronary sinus. 


Arrhythmias 


The problem of arrhythmias during coronary 
venous catheterization should be evaluated as 
a possible hazard of the procedure. Nodal and 
auricular premature beats have been reported 
in dogs during insertion of the catheter into 
the coronary venous system, but they have not 
been reported to occur once the catheter had 
been left in position.'!® No ventricular prema- 
ture beats were observed. Similar supraven- 
tricular beats are here reported in man, again 
found only during actual manipulation of the 
‘atheter within the coronary sinus or great 
vardiac vein. In the distal part of the middle 
-ardiac vein, however, ventricular premature 
beats occurred even after the catheter had 
been left in place. Myocardial irritation here 
may have corresponded to the intimate rela- 
tionship of the middle cardiac vein to the 
subepicardial myocardium. By contrast, the 
coronary sinus and proximal part of the great 
cardiac vein are embedded in a relatively ap- 
preciable amount of fatty tissue which may 
shield the myocardium from contact with the 
tip of the catheter. 

Significant ventricular arrhythmias are com- 
monly noted if the catheter tip is passed be- 
yond the tricuspid valve into the right 
ventricle, and constitute a conceivable hazard 
to the usual cardiac catheterization procedures. 
The absence of anything but transient supra- 
ventricular premature beats during catheteri- 
zation of the coronary sinus and great cardiac 
vein contributes to the relative safety of this 
procedure. 


SUMMARY AND CONCLUSIONS 

Catheterization of the coronary venous sys- 
tem in 6 individuals with normal hearts ap- 
peared to be a relatively safe procedure. 
Supraventricular premature beats developed 
during manipulation of the catheter within 
the great cardiac vein or coronary sinus. Ven- 
tricular premature beats were recorded with 
the catheter in the middle cardiac vein. 


As confirmatory evidence of successful coro- 
nary venous Catheterization, coronary venous 
blood may be identified grossly by its dark 
color, and chemically by its reduced content of 
oxygen, pyruvate, lactate and glucose, when 
compared with arterial or mixed venous bloud., 
However, as an immediate aid to fluorosco ic 
and manometric control of the catheteri :a- 
tion procedure, electrograms recorded from 
the catheter tip may serve to determine its 
location within the chambers of the heart and 
the various regions of the coronary vencus 
system. 

The electrogram in the distal portions of ‘he 
middle cardiac vein showed a ventricular R 
wave in one subject, a qR in another; in ‘he 
proximal portions of this vein there was re- 
corded a ventricular QS in one case, an rS in 
another. These middle cardiac vein potentials 
correspond respectively to left and right ven- 
tricular epicardial potentials, the inscription 
of a small initial Q or R wave apparently de- 
pending upon the relation of the electrode to 
the interventricular septum. 

The electrical potentials recorded in the coro- 
nary sinus and the great cardiac vein of 6 in- 
dividuals with normal hearts showed a large 
rapid upward auricular deflection with the in- 
trinsic deflection recorded at the height of or 
during the latter half of the P wave of simul- 
taneously recorded Lead Vy. This deflection 
may continue as an Sa wave apparently de- 
pending upon whether more atrial muscle is 
stimulated beyond the position of the record- 
ing electrode. The ventricular complex consists 
of a broad prominent Q wave followed by a 
prominent R wave and an inverted er biphasic 
T wave. These tracings probably represent the 
composite effect of the accessible left atrial and 
ventricular cavity and epicardial potentials. 
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QRS-T Patterns in Multiple Precordial Leads 
That May Be Mistaken for Myocardial 


Infarction 
III. Bundle Branch Block 


By Gorvon B. Myers, M.D. 


The electrocardiograms of patients in whom myocardial infarction was excluded at autopsy are 
presented to bring out (1) the following features of left bundle branch block suggesting anteroseptal 
infarction—QS or qrS patterns in leads from the right precordium or localized to intermediate 
leads and/or cove plane inversion of the T waves near the transitional zone; (2) the following 
features of right bundle branch block suggesting infarction—pseudo Q waves, elevated RS-T seg- 
ments and inverted T waves in right precordial leads, prominent Q waves in leads from the left 


precordium. 


block may accompany myocardial infare- 

tion or may occur independently. The di- 
agnosis of associated myocardial infarction and 
bundle branch block has been considered,!-* 
but little attention has been given to the elec- 
trocardiographic features of uncomplicated 
bundle branch block that may be mistaken 
for those of myocardial infarction. These fea- 
tures will be brought out through the presenta- 
tion of four cases of left bundle branch block 
and seven cases of right bundle branch block, 
in which myocardial infarction was diagnosed 
or at least considered from the electrocardio- 
graphic findings during life, but was subse- 
quently excluded at autopsy. The method of 
electrocardiographic and pathologic study is 
similar to that described in a preceding arti- 
cle.‘ 


[ IS WELL known that bundle branch 


Lerr BuNDLE BrANcH BLOCK 


A diagnosis of left bundle branch block is 
based upon the following criteria’: (1) a QRS 
interval of 0.12 second or longer in complexes 
derived from impulses of sinoauricular origin 
and associated with a P-R interval of at least 
0.12 second*; (2) an initial upstroke in all 


From the Department of Medicine, Wayne Univer- 
sity, and City of Detroit Receiving Hospital, Detroit, 
Mich. 

* This stipulation is essential to eliminate broad 
QRS complexes associated with impulses of ectopic 
origin or with the Wolff-Parkinson-White syndrome. 


leads facing the epicardial surface of the left 
ventricle, due to early positivity of the left 
ventricular cavity; (3) a broad, slurred, or 
notched R wave with abnormally delayed in- 
trinsicoid deflection in the same leads, indicat- 
ing late arrival of the impulse at the epicardial 
surface of the left ventricle. The QRS com- 
plexes in left ventricular leads are characteris- 
tically followed by: depression of the RS-T 
junction, upward convexity of the RS-T seg- 
ment, and sharp inversion of the T wave. 

The presence of the foregoing QRS-T pat- 
tern in V4, Vs; and Vg, in V; and Vg, or even in 
Ve alone should lead to a diagnosis of left 
bundle branch and should not be mistakenly 
interpreted as due to myocardial infarction. In 
fact, the diagnostic error likely to be made in 
the interpretation of left ventricular leads in 
the presence of left bundle branch block con- 
sists in failure to detect coexistent anterolateral 
infarction.!:* The initial R wave produced in 
left ventricular leads by septal activation from 
impulses distributed through the right Purkinje 
network persists when left bundle branch block 
is complicated by anterolateral infarction and 
thus prevents the registration of abnorma! Q 
patterns. 

In the presence of left bundle branch block, 
the impulse arrives early in the right sid of 
the septum and free wall of the right ventricle 
and late in the free wall of the left ventricle. 
The late activation of the outer wall of the ‘eft 
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ventricle is always manifested by a deep, broad, 
slurred S wave in leads facing the epicardial 
surface of the right ventricle and atrium. The 
ini ial phase of the QRS complex in these leads 
de} ends upon the interplay of negative poten- 
tiais, transmitted from the endocardial surface 
of the right side of the septum, and positive 
po.entials produced by activation of the free 
wa'l of the right ventricle and perhaps positive 
po‘entials developing in the left ventricular 
ca\ity and transmitted via the left and right 
atria to the right precordium. As a consequence, 
the QRS pattern in leads over the right atrium 
and ventricle in patients with uncomplicated 
lefi bundle branch block may take one of three 
forms: (1) an rS complex,* consisting of a small, 
narrow initial r wave due to early preponder- 
ance of positive potentials coming from activa- 
tion of the free wall of the right ventricle and a 
deep, broad, slurred S wave due to activation 
of the free wall of the left ventricle; (2) a tri- 
phasic qrS complex,’: ° the q wave representing 
initial negativity of the right ventricular cavity 
from septal activation, the r wave reflecting 
passage of the impulse through the free wall of 
the right ventricle; (3) a deep, broad, slurred 
QS deflection.* The r wave may be submerged 
and obscured in this monophasic downstroke 
because of complete dominance of negative po- 
tentials transmitted from the endocardial sur- 
face of the right side of the septum over positive 
potentials coming from activation of the free 
wall of the right ventricle, or the r wave may 
be represented by an equivalent in the form of 
notching or coarse slurring near the onset of 
the QS deflection. 

Both the QS and the qrS patterns, which 
may be recorded in leads over the right atrium 
and ventricle in uncomplicated left bundle 
branch block, resemble the findings obtained 
in |eft ventricular leads as a result of transmu- 
ral infarction. Furthermore, these QS or qrS 
defections are generally followed by abnormal 
ele. ation of the RS-T junction and a tall up- 
rig) t T wave. The RS-T segment may exhibit 
str: ightening or upward convexity instead of 
the usual upward concavity, especially when 





Che lower case letter is used to indicate a rela- 
tiv \y small deflection, the upper case letter to in- 
dic. te a relatively large deflection. 


digitalis has been given. The combination of an 
abnormally elevated RS-T junction and a 
straightened or convex RS-T segment is 
strongly suggestive of the RS-T pattern found 
in the stage of injury associated with infarction 
of the outer wall of the left ventricle. In the 
presence of right ventricular dilatation, coupled 
with clockwise rotation of the heart, the poten- 
tial variations of the epicardial surface of the 
right ventricle may be transmitted as far to the 
left as the anterior axillary line and occasion- 
ally even to the midaxillary line. The registra- 
tion of a broad, slurred QS deflection and an 
abnormally elevated, convex, or straightened 
RS-T segment in Leads V:, Vs, and Ve, which 
ordinarily reflect the potential variations of 
the left ventricle, may lead to an erroneous 
diagnosis of anterolateral infarction unless due 
consideration is given to the presence of left 
bundle branch block and the displacement of 
the transitional zone far to the left. 

Another diagnostic error may arise from the 
fact that leads over the right atrium and ven- 
tricle in uncomplicated left bundle branch block 
do not necessarily show either the expected 
increase in the initial R wave as the electrode 
is moved towards the left or the uniform QS or 
rS pattern occurring as a recognized variant. A 
distinct rS deflection (or rarely a qrS complex) 
may be recorded in Lead V; or V2 and a QS 
deflection in one or more leads farther to the 
left in the presence of uncomplicated left bundle 
branch block and may lead to an erroneous 
diagnosis of anterior infarction. The distinct R 
wave in Lead V; and/or V2 may be correlated 
with an electrode position over the tricuspid 
orifice favorable to the reception of positive 
potentials coming from the relatively thick 
base of the right ventricle and perhaps from 
the left ventricular cavity via the left and right 
atria, whereas the decrease or disappearance 
of the R wave in V3; and V4 may be correlated 
with an electrode position over the relatively 
thin apex of the right ventricle and nearer the 
right side of the septum, which transmits op- 
posing negative potentials. 

An unusual respiratory variation that might 
raise the question of myocardial infarction was 
encountered in a case of left bundle branch 
block reported by Lapin and Sprague.’ This 
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was characterized by the registration of a 
broad, notched QS deflection in transitional 
lead V; during inspiration and a broad, notched 
R wave in the same lead during expiration. This 
was attributable to sufficient cardiac rotation 
in a clockwise direction during inspiration so 
that the electrode received chiefly the potential 
variations of the epicardial surface of the right 
ventricle and sufficient rotation in a counter- 
clockwise direction during expiration so that 
the record was then dominated by the potential 
variations of the epicardial surface of the left 
ventricle. Another extraordinary respiratory 


from the epicardial surface of the left ventricle, 
This might have occurred as a result of sn 
electrode position that straddled the intraven- 
tricular septum, but was more likely due to 
shift in cardiac position during the inscripti: 
of the QRS as a result of contraction of ti); 
right ventricle ahead of the left. 

Another pattern occasionally recorded at t 
transitional zone in left bundle branch bloc: 
but likely to be mistaken for that due to my 
cardial infarction, consists in a QS deflectio 
accompanied either by elevation of the RS.” 
junction and inversion of the terminal portic 


Fic. 1.—Serial electrocardiograms in Case 28. 


variation was observed in Leads V¢ and aV,, of 
the same patient. This was characterized by 
the inspiratory registration of an abnormal Q 
wave followed by a broad, notched R wave, 
strongly suggestive of the pattern associated 
with an anterolateral infarct of dense distribu- 
tion in the subendocardial layer and patchy in 
the remainder of the wall.* However, the in- 
scription of a broad, notched, initial R wave 
of greater amplitude in the same leads during 
expiration indicated that the QR pattern was 
a transitional zonal phenomenon in a case of 
left bundle branch block. The initial Q wave 
was probably transmitted from the epicardial 
surface of the right ventricle and the subse- 
quent R wave was undoubtedly transmitted 


of the T wave or by an isoelectric RS-T segment 
and deeply inverted T wave. The QS deflection 
and the elevated RS-T segment resemble those 
in leads farther to the right and represent pre- 
dominant transmission of the potential varia- 
tions of the epicardial surface of the right 
ventricle during the first part of the cycle. The 
sharp inversion of the terminal portion of the 
T or the entire wave resembles that in leads 
farther to the left and represents predomin:nt 
transmission of the potential variations of ‘he 
epicardial surface of the left ventricle during 
the last part of the cycle. Such a change may be 
observed as a result of counterclockwise ro'a- 
tion of the heart during left ventricular ¢con- 
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Fig. 3.—Serial electrocardiograms in Case 31. 


‘ution which occurs between the inscription of 
QRS and T waves. 

case similar to that of Lapin and Sprague 

not as yet been encountered in our autopsy 

m:'erial. The other features of uncomplicated 

lef’ bundle branch block that may be mistaken 

for those of myocardial infarction are illus- 


trated in figs. 1, 2, and 3, representing the 
electrocardiograms in Cases 28 through 31, in- 
clusive. 
Broad Slurred QS Deflections in the First Four, 
Five, or Six Precordial Leads 
This may occur in association with left bun- 
dle branch block as a result of an associated 
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dilatation of the right atrium and ventricle and 
consequent displacement of the transitional 
zone to the left. The registration of a broad, 
slurred QS deflection in Leads V:, Vs, and Ve 
may be mistakenly attributed to myocardial 
infarction, particularly when accompanied by 
an abnormally elevated, convex RS-T segment. 
The problem in diagnosis is exemplified by 
Case 28. 


Case 28.—The patient, a man 64 years of age, 
gave a history of exertional dyspnea for six months 
and three attacks of sudden weakness, dyspnea, 
and cyanosis during the three-week period prior to 
admission to the hospital on Feb. 12, 1946. Physical 
and roentgen-ray examination revealed evidence of 
marked enlargement of both the right and left 
ventricles, with the apical impulse in the midaxilla. 
There was marked congestion and patchy consolida- 
tion of both lung bases, but only moderate periph- 
eral edema. The blood pressure was consistently 
subnormal. 

The tracings reproduced in figure 1 were selected 
from a series taken during a two-month period of 
hospitalization. The first two tracings were made 
on the first and fifth hospital days, when the patient 
was in congestive failure, and the last was representa- 
tive of a series taken after compensation was re- 
stored. No cardiac glycosides were given because of a 
clinical diagnosis of recent myocardial infarction. 

On February 12, Lead V, displayed a QS de- 
flection, followed by an elevated, convex RS-T 
segment and an apparent cove inversion of the T 
wave. However, careful inspection showed that the 
negative phase was due to superimposition of an 
inverted P wave. Lead V:2 displayed an initial r wave, 
averaging 1 mm. in amplitude, followed by a broad, 
deep S wave and an abnormally elevated RS-T 
junction. The presence of a distinct initial r wave 
in Vz, together with QS deflections and abnormally 
elevated RS-T junctions in V; and V4 and QS de- 
flections in V; and V, led to a diagnosis of a large 
transmural anterolateral infarct. 

A second tracing on February 16 was essentially 
the same, but showed the following minor altera- 
tions, which were taken as evidence supporting 
the diagnosis of infarction: reduction of the initial 
r wave in V2; change from a concave to a convex 
RS-T segment in V; and V4; the appearance of a 
late R wave in Ve, resulting in a Qr complex strongly 
suggestive of the pattern associated with an in- 
complete transmural infarct. A QS deflection was 
also recorded in Lead aVr on both occasions and was 
incorrectly interpreted as evidence of continuation of 
an anterolateral infarct into the posterior wall of 
the left ventricle. Lead I of the second tracing dis- 
played a relatively deep Q wave and a small, but 
broad, slurred R wave suggestive of lateral infarc- 
tion, but actually due to greater initial positivity of 
the right arm than of the left arm. 


The inadequacy of the six customary precor‘lial 
leads for diagnostic purposes was indicated by the 
lack of contrasting QRS-T patterns in V, and V;, nd 
led to the registration of Vz; on both occasions. A 
broad, slurred R wave of 0.12 second’s duration was 
recorded in V; and was incorrectly interpreted as 
evidence of delayed conduction through the wuin- 
fareted posterolateral wall of the left ventr cle. 
Upon restudy of these two tracings, it is evident {hat 
the findings in V; and aVz were compatible \.ith 
those recorded over the left ventricle in left buidle 
branch block and the findings in V, through V, v ere 
in keeping with those recorded over a mark«dly 
dilated right ventricle in the absence of infarction, 
Since the P wave was inverted in V; and upright in 
V2, the electrode in the latter position was apyar- 
ently in the vicinity of the tricuspid orifice. The 
initial r in V2 could have been derived from activa- 
tion of a relatively thick ring of muscle at the tri- 
cuspid orifice, whereas the initial downstroke in the 
next four leads could be explained by preponderance 
of negative potentials transmitted from the right 
side of the septum over weak positive potentials 
coming from activation of a dilated, thin-walled 
apex of the right ventricle. The lower voltage in 
V. than in V; or V; should have indicated that V; 
was a transitional lead. The deep Q wave in V,, 
therefore, could have represented negative potentials 
transmitted from the epicardial surface of the right 
ventricle, whereas the late R wave on February 16 
could have been derived from activation of the ad- 
joining left ventricle. The QS deflection in aVy 
could have been a manifestation of horizontal 
position in which the potential variations of the 
epicardial surface of the right ventricle are trans- 
mitted to the left leg. Thus, all findings on February 
12 and February 16 could be explained by a diag- 
nosis of left bundle branch block with marked right 
ventricular dilatation, but without infarction. 

On March 16, a broad, slurred R wave was in- 
scribed in Vz similar to that previously recorded in 
V;. This change was in keeping with reduction in 
cardiac size noted on physical and roentgen-ray ex- 
amination, permitting reference of left ventricular 
potentials to midaxilla. The initial r wave had dis- 
appeared from V, and a QS deflection, elevated RS-T 
junction, and tall, erect T wave were recorded in 
the first four precordial leads. Lead V; displayed a 
triphasic qrS complex, consisting of a 1-mm. q, 
2-mm. r, and 8-mm. 8 wave, compatible with the 
pattern sometimes found in left ventricular leads 
in the presence of patchy transmural infarction or 
in right ventricular leads in the presence of septal 
infarction. However, the presence of a broad, slu: red 
R wave in Vz and aVj1, indicative of left bundle 
branch block, should have suggested that the »at- 
tern in V; represented a variant occasionally fo ind 
in right ventricular or transitional leads. The q v ave 
could have represented negative potentials ti.ns- 
mitted from the right side of the septum, the slu red 
r wave could have been derived from activatio : of 
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the adjacent anteroseptal walls of the right and 
le t ventricles, the deep s wave from activation of 
the lateral and posterior walls of the left ventricle. 
Ho nce the findings in the first five precordial leads 
o: March 16 could be explained by right ventricular 
d:atation in the presence of left bundle branch 
block, but without infarction. 

The patient had further attacks of sudden weak- 
ncss and dyspnea on April 7 and April 11, the latter 
ending fatally. Death was due to pulmonary em- 
bolism and autopsy revealed multiple, old, organized 
pulmonary infarcts, which were apparently respon- 
sible for the attacks of weakness and dyspnea lead- 
ing to admission to the hospital. At autopsy the 
heart weighed 536 grams, which represented marked 
hypertrophy in view of a body weight of only 40 
kilograms. The increased cardiac weight was due 
chiefly to left ventricular hypertrophy, believed 
secondary to hypertension because of the presence 
of advanced renal arteriolosclerosis. There was 
marked dilatation of the right ventricle, sufficient 
to explain the displacement of the transitional zone 
to the left. The coronary vessels were of normal 
caliber and no evidence of myocardial infarction was 
found on gross examination or in multiple micro- 
scopic blocks. There was patchy fibrosis, which may 
have been responsible for the conduction defect. 
In view of the pathologic findings, the abnormalities 
in the electrocardiogram were evidently the result 
of left bundle branch block complicated by marked 
dilatation of the right ventricle. 


Progressive Diminution of the Initial R Wave, 
Then Replacement by a qRS Complex as the 
Electrode is Moved Towards the Left 


These findings arouse the suspicion of myo- 
cardial infarction, but may occur in association 
with uncomplicated left bundle branch block, 
as exemplified by Case 29. 


Case 29.—The patient, a man, age 73 years, showed 
evidence of congestive failure secondary to hyper- 
tension and uremia associated with prostatic 
obstruction. 

The electrocardiogram reproduced in Fig. 2A 
was obtained after digitalization and approximately 

\elve hours before death. A diagnosis of left bundle 
iimeh block was easily established by the QRS 
in'erval of 0.14 second together with the broad, 
'ched initial R wave in Leads V; and Vs. The 
\ creme ‘depression of the RS-T junction in these 

‘s and the abrupt return of the string to the iso- 

‘tric line to complete the T wave were extraor- 
i ary and raised the question of subendocardial 

‘emia. However, the short Q-T interval and the 

tour of the ascending limb of the T wave indi- 
‘od that overdigitalization was largely, if not 

irely, responsible. 

Che first three precordial leads displayed an rS 
de lection and Lead V, showed a qRS complex. The 


suspicion of myocardial infarction was aroused by: 
(1) the decrease in the initial r wave from 2.0 mm. in 
V; to 1.0 mm. in V2 and to 0.5 mm. in V;; (2) the 
replacement of the initial r by a 2.5-mm. q wave in 
V,; (3) the marked elevation and domelike contour 
of the RS-T segments in the first three precordial 
leads. The deep, broad S wave in Vi, V2 and V3; 
indicated that the electrode was over the right side 
of the heart, and the marked upward displacement 
and rounding of the RS-T segments in these leads 
could have been produced by digitalis effects super- 
imposed upon those of uncomplicated left bundle 
branch block. The relatively large initial R wave in 
Vi could be accounted for by placement of the elec- 
trode over the right atrium in a position to receive 
positive potentials produced by activation of the 
relatively thick base of the right ventricle. The 
progressive reduction in amplitude of the initial r 
wave in the first three precordial leads could be 
explained by shift of the electrode from the vicinity 
of the tricuspid ring to points over the thin apex of 
the right ventricle, where it was in a position to 
receive relatively weak positive potentials coming 
from activation of the free wall of the right ventricle 
and simultaneous negative potentials transmitted 
from the endocardial surface of the right side of the 
septum. The qRS pattern in V, was in keeping with 
an electrode position that straddled the septum. The 
small q could have represented normal initial nega- 
tivity transmitted from the subjacent endocardial 
surface of the right side of the septum; the timing 
and amplitude of the succeeding R wave indicated 
transmission from the adjoining anteroseptal wall 
of the left ventricle and the final S wave was derived 
from activation of lateral and posterior walls of 
the left ventricle. Thus, all atypical features of 
this electrocardiogram could be explained without 
postulating complicating infarction. 

At autopsy the heart weighed 700 grams and 
showed marked left ventricular hypertrophy, but no 
evidence of myocardial infarction. The coronary 
vessels were of normal caliber and showed only 
mild sclerosis. 


An rS Deflection in Lead V; and/or V2 and a 
QS in Leads Farther to the Left 

This may occur in association with uncompli- 
cated left bundle branch block and may lead 
to an erroneous diagnosis of myocardial infare- 
tion. This finding was encountered in the first 
two tracings of Case 28, discussed above, and 
will be exemplified further by Case 30. 


Case 30.—The patient was a man, age 66 years, 
who had been incapacitated because of congestive 
failure for five months, in spite of the administration 
of digitoxin and diuretics by his family physician. 
He was admitted to the hospital with congestive 
failure complicated by shock associated with un- 
obtainable blood pressure. 
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The routine electrocardiogram reproduced in 
figure 2B was obtained on the first hospital day and 
the additional high precordial leads were taken three 
days later. Digitoxin was continued in doses of 0.2 
mg. daily throughout this period. The P-R interval 
was lengthened to 0.24 second and the QRS in- 
terval to 0.16 second. The presence of left bundle 
branch block was indicated by the broad, slurred 
initial R waves in left ventricular leads Vs; and aVt. 
An upright T wave was recorded in Ve, instead of 
the inverted T wave usually found in left ventricular 
leads in the presence of left bundle branch block. 
Concordant T waves represent an occasional finding 
in uncomplicated bundle branch block and do not, 
in themselves, constitute evidence of myocardial 
infarction. 

The atypical features of the tracing that raised 
the question of infarction consisted in the registra- 
tion of a distinct initial r wave in V; and a QS 
complex with abnormally elevated, convex RS-T seg- 
ments in V2 and V;. The diphasic P wave in V, in- 
dicated that the electrode was over the right atrium, 
whereas the upright P waves in V2 and V; suggested 
that these positions were over the right ventricle. 
The initial R wave in V; was presumably derived 
from activation of the relatively thick ring of muscle 
at the tricuspid orifice. The disappearance of the R 
wave in V2 and V; as the electrode approached the 
septum could be explained by preponderance of 
negative potentials transmitted from the right side 
of the septum over weaker positive potentials pro- 
duced by activation of the thinner apical portion of 
the right ventricle. 

High precordial leads were taken at the inter- 
sections of a horizontal line through the junction of 
third intercostal space and sternum with vertical 
lines through the V;, Vs, Vs, and Vs positions. The 
records taken high in the anterior axillary and mid- 
axillary lines resembled those taken in the customary 
V; and V, positions, respectively. The electrode in 
both the high and the standard V; and V, positions 
was apparently to the right of the septum, as judged 
by the relatively deep and broad S waves. The 
tracing in the high V; position displayed a triphasic 
qrS complex, consisting of a q wave 1.5 mm. deep, 
an r wave that barely crossed the isoelectric line 
and an S wave 11 mm. deep, followed by an ab- 
normally elevated, dome-shaped RS-T segment. 
The contour of both the qrS and the RS-T complexes 
in high V; was strongly suggestive of infarction. 
However, in view of the left bundle branch block 
a qrS of this type could be recorded in a right ven- 
tricular lead in the absence of infarction. The q wave 
reflected initial negativity of the right ventricular 
cavity, as a result of reversal in the vector associated 
with septal activation; the r wave was produced by 
passage of the impulse through the free wall of the 
right ventricle. The elevated domelike RS-T seg- 
ment was the reciprocal of the depressed V-shaped 
segment in left ventricular Lead aVz and was at- 


tributable to digitalis effect. Hence the findings jn 
both the customary and high precordial leads could 
be explained by uncomplicated left bundle brajch 


block. 

The patient died in congestive failure on the fi'th 
hospital day. At autopsy the heart weighed 107 
grams and showed marked left ventricular hy) er- 
trophy of hypertensive origin, and secondary right 
ventricular dilatation. The coronary vessels wer« of 
normal caliber and revealed only mild atherosclero- 
sis. No evidence of myocardial infarction was found 
on gross examination or in multiple microscopic 
blocks. 


Triphasic qrS Pattern in One or More Precorc ial 
Leads Just to the Right of the Transitional Zon 


A triphasic qrS complex, consisting of small, 
narrow q and r deflections and a deep, broad § 
wave, is occasionally recorded in right ventricu- 
lar leads in association with uncomplicated left 
bundle branch block, as illustrated by Lead V; 
of the last tracing in Case 28 and by high Leads 
V3 and V, of Case 30. The origin and signifi- 
cance of this pattern have been discussed above 
and also in connection with the report of Case 
99 of a previous manuscript.® 


QS or W-Shaped Complexes Together With Cove- 
Plane Inversion of the T Waves in Intermedi 
ate Leads Near the Transitional Zone 


Findings of this type in Leads V3 and V;, of 
Case 31, figure 3, led to an electrocardiographic 
diagnosis of anteroseptal infarction that could 
not be substantiated at autopsy. 


Case 31.—The patient, a housewife, age 52 years. 
was known to have had diabetes and hypertension 
for one year. On June 3, 1944, she was awakened 
from a sound sleep by a severe choking sensation 
with accompanying orthopnea, which lasted for 
approximately one hour. Paroxysmal dyspnea re- 
curred on the two succeeding nights and was not 
accompanied by pain. She was admitted to the 
hospital on June 6 with marked pulmonary edema 
and slight peripheral edema, and received a total 
of 1.0 Gm. digitalis leaf up until June 13, at which 
time the drug was discontinued. Compensation 
was rapidly restored and the hospital course was 
uneventful. There was no fever, leukocytosis, or 
elevation in sedimentation rate. 

The electrocardiograms reproduced in figure 3 
were selected from a series taken over a period of 
six months. The QRS-T patterns in five elect:o- 
cardiograms taken after August 1 corresponded 
closely and consequently only the final tracing, on 
December 6, is included in the illustration. L:ft 
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bun ile branch block was present throughout, as 
indi:ated by (1) a QRS duration of 0.12 second or 
mor, (2) a broad, slurred initial R wave in Leads 
y; :nd Vs. A deep, broad QS deflection, elevated 
RS-f segment, and tall upright T wave were con- 
sistcatly recorded in the first two precordial leads. 
A smilar QS deflection was also present in Lead 
Vy, .nd was accompanied by an elevated domelike 
RS-f segment and sharply inverted T wave in 
June, and by a normal RS-T complex after the first 
of \ugust. The tracings taken at position V, in 
June revealed (1) a triphasic Qrs complex, consisting 
of » deep Q wave, a small late r wave, which some- 
times failed to cross the isoelectric line, and a rela- 
tively small S wave; (2) an isoelectric RS-T segment 
and sharply inverted T wave. In later tracings, 
Lead V, displayed either a minute r and deep broad 
S wave or a QS deflection like that at V;, accom- 
panied by an upright T wave. On the basis of the 
QRS-T pattern in Leads V; and V; in June, a diag- 
nosis of recent anteroseptal infarction was made. 
The change in RS-T complexes during the ten-day 
interval between the first two tracings was not as 
great as would be expected in the presence of recent 
infarction, but the subsequent change in QRS pat- 
tern in V3, along with the evolution to a normal 
upright T wave in V; and Vs, tended to overcome this 
objection and to support the diagnosis of infarction. 

The patient remained under close medical super- 
vision. Digitalization was carried out in July and 
was maintained for the rest of her life. She had no 
further attacks of paroxysmal dyspnea and no chest 
pain. She was readmitted to the hospital on Oct. 
23, 1944, with increasing nervousness, heat intoler- 
ance, and weight loss of one month’s duration. The 
basal metabolism rate ranged from +38 to +41 
and thiouracil was instituted. A satisfactory clinical 
response was obtained until Jan. 17, 1945, when the 
white blood count dropped to 3950 per cu. mm. of 
blood. Thiouracil was stopped, but the white count 
continued to fall and the patient died of agranulo- 
cytosis ten days later. 

At autopsy the heart weighed 347 grams and 
showed slight left ventricular hypertrophy. The 
coronary tree injected well and the vessels were of 
normal caliber and showed only minimal athero- 
sclerosis. Meticulous gross examination revealed no 
ey dence of myocardial infarction. There was a 
small patch of healed epicarditis at the left apex, 
ocupying an area 2.5 cm. in diameter. This lesion 
wes well healed and did not extend into the myo- 
cadium either on gross or microscopic examination. 
Meuny microscopic blocks were studied, but no 
e\ dence of infarction was found. The possibility 
tht anteroapical infarction had occurred in June 
\{ 14 and had healed completely except for an epi- 
ca dial sear could not be ruled out, but was deemed 
wilikely because of the normal histologic appear- 
atce of the myocardium. 

Upon restudy of the electrocardiograms, it would 


appear that the abnormalities in V; and V:, which 
had been interpreted as evidence of anteroseptal 
infarction, could have been the result of admixture 
of right and left ventricular potentials at the transi- 
tional zone. The deep QS deflections, elevated RS-T 
segments, and upright T waves in Vi and V2 were 
representative of the pattern sometimes recorded 
over the normal right ventricle in the presence of 
left bundle branch block. The resemblance of the 
QS deflection and elevated RS-T segment in V; to 
those in V; and V2 suggested that the electrode lay 
to the right of the septum during the inscription of 
this portion of the ventricular complex, whereas the 
resemblance of the inverted terminus of the T wave 
to that in leads farther to the left suggested that the 
heart may have rotated sufficiently during the inter- 
vening mechanical systole to bring the left ventricle 
beneath the electrode. 

The Qrs pattern in V, could also be explained as a 
manifestation of the transitional zone associated 
with an electrode position straddling the septum. 
The Q wave corresponded to the first portion of 
the QS in the first three precordial leads and was 
probably transmitted through the anteroseptal wall 
of the right ventricle. The R wave corresponded 
to the expected time of activation of the anteroseptal 
wall of the left ventricle and was probably derived 
in this manner. The T wave simulated those in left 
ventricular Leads V; and Ve. In left bundle branch 
block, contraction of the right ventricle may begin 
before completion of activation of the left and might 
cause cardiac rotation during inscription of the QRS 
complex. This may constitute the mechanism for 
the predominant transmission of the first portion of 
the QRS from the right ventricle and the last por- 
tion from the left ventricle in a lead overlying the 
septum. 

The QRS-T patterns in V; and V; could there- 
fore have represented a transitional zonal effect in 
left bundle branch block uncomplicated by myo- 
cardial infarction, ischemia, or pericarditis. Whether 
or not the epicarditis found at autopsy developed in 
June and contributed to the T-wave inversion is a 
matter for conjecture. The fact that the T waves in, 
V; and V, subsequently became upright does not 
necessarily indicate that either epicarditis or is- 
chemia was responsible for the inversion. The change 
to upright T waves in V; and V, was believed second- 
ary to the reversal in the T wave in left ventricular 
lead V;. Discordant T waves are occasionally re- 
placed by concordant T waves for no discoverable 
reason in uncomplicated left bundle branch block. 


Rigut BuNDLE Brancu Biock 


Uncomplicated right bundle branch block is 
manifested by!: © °: (1) a QRS interval of 0.12 
second or longer in complexes derived from an 
impulse of sinoauricular origin and associated 
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with a P-R interval of at least 0.12 second; (2) 
an initial upstroke in all leads facing the epi- 
cardial surface of the right ventricle, due to 
early positivity of the right ventricular cavity; 
(3) a late secondary upstroke in the same leads, 
due to delayed activation of the free wall of the 
right ventricle. The intervening space between 
these two R waves may be taken up by coarse 
slurring or by a downstroke that may stop 
above the isoelectric line to form a notch or 
carry below to form an S wave. This down- 
stroke reflects negative potentials transmitted 
to the right precordium during the brief interim 
between activation of the septum and the free 
wall of the right ventricle. The QRS complexes 
in right ventricular leads are characteristically 
followed by: depression of the RS-T junction, 
upward convexity of the RS-T segment, and 
sharp inversion of the T wave. 

Right bundle branch block secondary to sep- 
tal infarction is distinguished from thc uncom- 
plicated variety by the direction of the initial 
phase of the QRS complex in leads from the 
right precordium.'~* An abnormal Q wave is 
characteristically found in these leads in the 
presence of septal infarction, whereas an initial 
upstroke should be detectable in uncompli- 
cated right bundle branch block. When recent 
septal infarction is responsible for the conduc- 
tion defect, right precordial leads generally 
show elevation of the RS-T junction and cove 
inversion of the T wave, in contrast to the 
RS-T depression usually associated with un- 
complicated right bundle branch block. 

The following variants may occur in the 
pattern of uncomplicated right bundle branch 
block and may lead to an erroneous diagnosis 
of septal infarction: (1) pseudo Q waves in 
leads from the right precordium and/or transi- 
tional zone; (2) elevation of the RS-T junction 
and abnormal inversion of the T wave in leads 
from the right precordium; (3) reduction in the 
R wave and deep inversion of the T wave in 
intermediate leads; (4) concordant T waves; 
(5) prominent Q waves in leads from the left 
precordium. These features are collectively il- 
lustrated by the electrocardiograms in figure 4, 
obtained in Cases 32 to 38, inclusive. 


Pseudo Q Waves in Leads from the Right Pre- 
cordium and/or Transitional Zone 


The initial R wave transmitted to the right 
precordium as the result of septal activation in 
association with uncomplicated right bundle 
branch block progressively diminishes with in- 
creasing distance from the septum and may be 
barely detectable in leads over or beyond the 
right atrium. If a minute initial R wave is over- 
looked, the succeeding downstroke may be inis- 
interpreted as a Q wave and an erroneous 
diagnosis of septal infarction may be made. 
The problem is exemplified by Cases 32 and 
33. The electrocardiograms are reproduce:! in 
figures 4A and B. 


Case 32.—The patient, a man, age 51 years, had 
had recurrent asthmatic bronchitis over a period 
of four years and was admitted to the hospital with 
left-sided bronchopneumonia and pleurisy. The 
electrocardiogram reproduced in figure 4A was ob- 
tained during the febrile period, after partial digi- 
talization. At first glance, there appeared to be an 
inital downstroke and late R wave in V; and V; and 
a deep, notched QS complex in V3. If this had con- 
stituted a correct identification of the components 
of the QRS complex, a diagnosis of septal infarction 
would have been justifiable. However, close scrutiny 
revealed a small but distinct initial r wave, averaging 
0.5 mm. in amplitude, in each of the three leads. This 
initial r wave was a manifestation of septal activa- 
tion and the succeeding downstroke was therefore 
an S wave, commonly found in association with 
uncomplicated right bundle branch block. 

In searching for an explanation for the excep- 
tionally small initial r wave recorded in right pre- 
cordial leads V; and V2, an unusually high position 
of the electrode was suggested by the following ob- 
servations: (1) emphysematous depression of the 
diaphragms, which tended to lower the heart in 
reference to fixed points on the thoracic cage; (2) 
inverted P waves in the presence of sinus rhythm, 
recorded not only in right ventricular leads V; and 
V2, but also in transitional lead V; and in left ven- 
tricular lead Vs. The configuration of the P waves 
suggested that the electrode lay over the atria and 
was therefore in a position to receive potential 
variations of the two ventricular cavities. Siiaul- 
taneous transmission of negative potentials through 
the mitral orifice to supraventricular positions Vi, 
V. and V; nearly succeeded in neutralizing positive 
potentials coming from the right ventricular ca: ity, 
thereby accounting for the unusually small in’tial 
r wave. 

A noteworthy feature of the last four precor lial 
leads was the 1- to 3-mm. elevation of the R3-T 
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jvnctions and the straightening of the RS-T seg- 
nents. Although digitalis tends to straighten the 
Ps3-T segments and displace them in a direction 
0 posite to the main deflection of the QRS complex, 
ii was not responsible for the RS-T abnormalities 


a 


his case because of: (1) absence of Q-T shorten- 
ins; (2) presence of a similar degree of RS-T seg- 
mit elevation in a tracing made one week previ- 
ou-ly, before the administration of glycosides. The 
o.tour of the elevated RS-T segments in V,, 


V;, and Ves was strongly suggestive of a lesion of the 
subepicardial layer of myocardium and aroused the 
suspicion of infarction and pericarditis. The possi- 
bility of transmural infarction could be virtually 
excluded by the absence of Q waves, but the ques- 


Va Vs 


S itil $ 
c Hemel | 
SSE 


Fic. 4.—Electrocardiographic findings in right bundle branch block. A, Case 32; B, Case 33; C, 
Case 34; D, Case 35; FE, Case 36; F', Case 37; G, Case 38. 


tion remained as to whether the subepicardial lesion 
was the result of superficial infarction or pericarditis. 

Death occurred five days after the electrocardio- 
gram was made. At autopsy the heart weighed 387 
grams and showed moderate right ventricular hyper- 
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trophy secondary to chronic obstructive pulmonary 
emphysema. There was no evidence of coronary 
narrowing or myocardial infarction. No lesion other 
than right ventricular hypertrophy was found to 
account for the right bundle branch block, but the 
possibility of microscopic degeneration or fibrosis in 
the right branch of the bundle of His was not ex- 
cluded, because of failure to take serial microscopic 
sections in this area. A subacute epicarditis was 
found over the anterolateral aspect of the left 
ventricle and extended sufficiently into the sub- 
epicardial layer of myocardium to explain the RS-T 
elevation in V;, Vs and V,. 


Elevation of the RS-T Junction and/or Abnormal 
Inversion of the T Wave in Leads from the 
Right Precordium 


RS-T patterns of this type in association 
with right bundle branch block are strongly 
suggestive of septal infarction, but may occur 
independently, as exemplified by Cases 33 and 
34. Electrocardiograms in these cases are re- 
produced in figs. 4B and C. 


Case 33.—The patient, a man, 74 years of age, 
suffered acute left ventricular failure following a 
ureterosigmoid transplant necessitated by carcinoma 
of the bladder. The electrocardiogram reproduced 
in figure 4B was obtained after the intravenous 
administration of 0.8 mg. Cedilanid. 

The rhythm was regular throughout, but the rate 
increased from 130 during the inscription of the limb 
leads to 150 during the registration of the precordial 
leads. This observation, together with the widened 
QRS complexes in the first four precordial leads 
and the apparent normal duration of the QRS in 
the remaining leads, aroused the suspicion of a 
transient episode of ventricular tachycardia, be- 
ginning between the registration of Leads aVy 
and V, and terminating between the inscription of 
Leads V; and V;. From a more careful study of the 
tracing, the following evidence was elicited, in- 
dicating that a sinus tachycardia was present 
throughout: (1) distinct upright P waves were 
found in V; and V2, occupying a constant position 
in reference to the T waves and preceding the QRS 
complex by the same P-R interval as in the limb 
leads; (2) the cardiac rate and Q-T interval were the 
same in V; and V,, where the QRS complexes were 
widened, as in V; and Vs, where the QRS complexes 
appeared to be of normal duration. The discrepancy 
in apparent QRS interval was thus due to the fact 
that the last portion of the QRS was isoelectric or 
nearly isoelectric in V;, Vs, and the limb leads. 
Measurements with the dividers indicated that the 
depressed segment following the R wave in Leads 
V;,aVz and I and the elevated segment following the 
downstroke in Leads aVr, aVr and IIT were part of 


the QRS complex, and that the RS-T segment | 
these leads was isoelectric and fused with the QR 
complex. 

From the general resemblance of the QRS con- 
plexes in the first four precordial leads it was con- 
cluded that they represented predominantly t 
potential variations of the right side of the septu : 
and epicardial surface of the right ventricle. T 
broad R wave and late intrinsicoid deflection in th 
leads, together with the broad S wave in left ventric 
lar leads Ve and aV1, indicated that the sinus tach 
cardia was complicated by right bundle bran: | 
block. 

Unless careful inspection were made of the QI 
complexes in the first three precordial leads, t 
downstroke might be misinterpreted as a Q wa 
and mistaken as evidence of myocardial infarction. 
However, close scrutiny revealed a small but dis- 
tinct initial R wave in each lead. Still more con- 
fusing, however, was the apparent RS-T displace- 
ment in V; and V2. It might seem, from first glance 
at Vi, that the RS-T junction was located at the 
peak of the upstroke, 6 mm. above the isoelectric 
line. In that event, the precipitous descent to an 
inverted T wave would be strongly suggestive of 
recent septal infarction. However, the contour of 
the tracing in this precipitous descent of the string 
was more in keeping with a portion of the QRS 
rather than a portion of the RS-T complex. This 
led to an attempt to ascertain the termination of the 
QRS complex in V, by interpolation of measurements 
of the QRS interval made in V;, where the beginning 
and end of the complex were quite distinct. On the 
assumption of a similar QRS interval in V; and V- 
to that in V;, the RS-T junction in both leads was 
located at or slightly below the isoelectric line. Thus, 
from careful study, it was concluded that both the 
QRS and RS-T patterns could be accounted for on a 
basis of uncomplicated right bundle branch block. 

Death occurred sixteen hours after the electro- 
cardiogram was made. At autopsy the heart weighed 
360 grams and showed a normal ventricular ratio. 
There was moderate coronary sclerosis, but no 
narrowing or occlusion. There was no evidence of 
myocardial infarction. The right bundle branch block 
was believed secondary to the acute left ventricular 
failure, but serial sections of the bundle of His were 
not made to exclude the possibility of a localized 
lesion. 


Another type of RS-T pattern that migit 
be mistaken for that of myocardial infarction 
is illustrated in figure 4C, which represents 
the electrocardiogram in Case 34. 


Case 34.—The patient was an 18 year old girl 
with chronic glomerulonephritis. The electrocard 0- 
gram was obtained shortly before death, which was 
due to uremia. Blood potassium was not detcr- 
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ined, but was probably elevated in view of marked 

guria and a creatinine level of 18.6 mg. per cent. 

A diagnosis of right bundle branch block was 

idily established from the broad, double-peaked 

wave in Leads V; and V2. The possibility of recent 
ital infarction was suggested by the elevated 

3-T junctions and sharply inverted T waves in 

and aVr, and the possibility of continuation of 

» lesion into the subendocardial layer of the antero- 

eral wall of the left ventricle was suggested by 

e RS-T depression in Leads Vi, V; and Vs. The 

sence of Q waves militated against infarction 

d necessitated search for another explanation for 

|. RS-T pattern. The narrow base and sharp peak 

the T waves in V; and V, were strongly suggestive 

o! hyperpotassemia and the exceptionally deep and 

sharply inverted T waves in the first three precordial 
leads could also be explained on the same basis. 

At autopsy the heart weighed 350 grams. Left 
ventricular hypertrophy was present, but gross and 
microscopic examination revealed no other ab- 
normality. 


Reduction of the R Wave and Deep Inversion of 


the T Wave in Intermediaie Leads 


Patterns of this type may arouse the suspi- 
cion of anteroseptal infarction, but may occur 
as a transitional zonal phenomenon in associa- 
tion with uncomplicated right bundle branch 


block, as exemplified by Case 35. 


Case 35.—The patient, a woman, 58 years of age, 
was admitted to the hospital with a typical history 
of hyperthyroidism of three years’ duration, com- 
plicated by congestive failure of three weeks’ dura- 
tion. The electrocardiogram reproduced in figure 4D 
was obtained on the fourth hospital day after digi- 
talization. Fine auricular fibrillation was present. 

Lead V2 displayed an rsR’ complex typical of right 
bundle branch block, followed by the expected 
RS-T depression and inversion of the T wave. A 
glance at Vi would disclose a comparable late R 
wave and RS-T complex, but the minute initial r 
might escape detection and thus lead to the misin- 
terpretation of the downstroke as a Q wave and an 
erroneous diagnosis of septal infarction. Careful 
seriitiny of a number of cycles revealed a small but 
distinct initial r wave, ranging from 0.25 to 0.5 mm. 
in «amplitude. The smaller initial r wave in V; than 
in VY. was presumably due to the fact that the 
ele: trode was farther from the right side of the sep- 
tuw.., but closer to the right atrium, where it might 
be 1 a position to receive negative left ventricular 
ea\ ty potentials transmitted through the left 
atrium. 

more confusing pattern was recorded in Lead 
V,. At first glanee, the QRS might be classed as a 
W--haped complex and thus be mistaken as evidence 
of nfaretion. However, measurements of the ORS 


interval indicated that the preliminary oscillations 
were part of the complex, constituting an initial R, 
preceding a broad, notched S wave. The fact that 
the R wave in V; was much smaller than the R’ 
in V. and the R wave in V; could be ascribed to the 
transitional zone, but the fact that the inverted T 
wave in V; was significantly deeper and different 
in shape from that in V2 and V4 was not so readily 
explained. The possibility of anteroseptal infarction 
was originally entertained from the RS-T pattern 
in V;, but was later discarded after subsequent 
tracings, taken from slightly different points, showed 
that the inverted T wave was also a localized 
phenomenon, referable to the transitional zone. 

Death occurred three weeks later from intereur- 
rent pneumonia. At autopsy the heart weighed 
440 grams. Left ventricular hypertrophy was found 
and was attributed to thyrotoxicosis after exclusion 
of other recognized causes. The coronary arteries 
were of normal caliber and no evidence of myo- 
vardial infarction was found. The septum appeared 
normal on gross and routine microscopic examina- 
tion, but serial sections in the vicinity of the bundle 
of His were not made. 


Conccrdant T Waves 


Since it is generally recognized that concor- 
dant T waves may occur in association with 
uncomplicated bundle branch block, Case 36 
is included more because of the clinical than 
the electrocardiographic problem that was pre- 
sented. 


Case 36.—The patient, a hypertensive man 65 
years of age, was suddenly seized with severe retro- 
sternal constriction and dyspnea and was brought 
to the hospital in shock. The blood pressure was 
60/40 in the left arm and the pulse rate was 50 in 
the left wrist; neither blood pressure nor pulse rate 
was obtainable on the right. No cardiac glycosides 
were given. : 

The electrocardiogram obtained eight hours after 
admission is reproduced in figure 42. A sinus ar- 
rhythmia was present with cycle lengths ranging 
from 1.0 to 1.24 seconds. The QRS interval of 0.13 
second and the double peaking of the R waves in 
right ventricular leads Vi, V2 and V; were indicative 
of right bundle branch block. As the electrode was 
moved from the V; position near the relatively thick 
base of the right ventricle to the V; position over 
the relatively thin apex of the right ventricle and 
close to the septum, the initial R wave showed the 
progressive increase in amplitude expected of a de- 
flection of septal derivation, whereas the R’ wave 
showed a concomitant decrease, commensurate with 
the diminishing mass of the free wall of the right 
ventricle. The progressive decrease in the inter- 
vening downstroke was also in keeping with its 
origin from negative left ventricular cavity po- 
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tentials, transmitted through the left and right 
atrium to the right precordium. The Q wave re- 
corded in left ventricular leads Vi, Vs; and Vs was 
considered normal, both as to duration and relative 
amplitude. The slight delay in onset of the intrinsi- 
coid deflection in V4 and V; and the relatively tall 
R waves in these leads, in the face of right bundle 
branch block, suggested left ventricular hyper- 
trophy. The Q-T interval of 0.52 second was ab- 
normally long, even for the slow rate. 

The T wave was upright and concordant with 
the double-peaked R wave in the first three pre- 
cordial leads and, like the initial R wave of septal 
origin, showed a progressive increase in amplitude 
as the electrode was moved from the Vi to the V; 
position. Tall, erect T waves of this configuration 
in V2 and V; arouse the suspicion of posterolateral 
infarction, but no evidence of such was found in 
Lead aVr or Vs. The inverted T waves in V; and Vz 
were concordant with the broad, slurred portion of 
the QRS complex. In summary, the electrocardio- 
gram showed evidence of right bundle branch block 
and probable left ventricular hypertrophy. The only 
atypical feature was the concordance of the T 
waves and this was compatible with uncomplicated 
bundle branch block. Thus, the electrocardiogram 
was abnormal, but failed to confirm the suspicion of 
myocardial infarction engendered by the clinical 
history. 

Death occurred eighteen hours after the electro- 
cardiogram was made and autopsy revealed a dis- 
secting aneurysm of the aorta. The heart weighed 
548 grams and showed left ventricular hypertrophy. 
There was moderate coronary sclerosis, but no 
narrowing or occlusion and no evidence of myocardial 
infarction. Thus, a correctly interpreted electro- 
cardiogram in this case furnished valuable negative 
evidence against myocardial infarction and pointed 
towards some other cause for the acute retrosternal 
constriction. 


Q Waves in Leads from the Left Precordium 


These are not uncommon in association with 
right bundle branch block, in the absence of 
myocardial infarction. The duration of these 
Q waves and the relative amplitude in refer- 
ence to the succeeding R waves may be suffi- 
ciently great, especially in the presence of left 
ventricular hypertrophy, to raise the question 
of subendocardial anterolateral infarction. The 
problem is exemplified by Cases 37 and 38. 
The electrocardiograms are reproduced in fig- 
ures 4F and G. 


Case 37.—The patient, a man 67 years of age, had 
had increasing dyspnea over a period of one year and 
was admitted to the hospital with severe orthopnea 
with extensive peripheral edema. There were physi- 


cal signs of aneurysm of the ascending aorta, compli- 
cated by atelectasis of the right upper lobe. Digitali- 
zation had been carried out prior to the recording « 
electrocardiographic tracings. 

The presence of right bundle branch block w:s 
established by the QRS interval of 0.12 second t.- 
gether with the broad double-peaked R waves 
right ventricular leads Vi and V2. The excessi:e 
RS-T depression and straightening of the RS 
segments in these leads were attributable to sup: 
imposed digitalis effects. The transitional zone ws 
situated between the V2 and the V; positions ai 
the potential variations of the epicardial surface | 
the anterolateral wall of the left ventricle had t/ 
predominant effect on the QRS-T pattern in the last 
four precordial leads. The slight delay in onset 
the intrinsicoid deflection in these leads togethe 
with the relatively tall R waves, in the face of rig! 
bundle branch block, were interpreted as evidence 
of left ventricular hypertrophy. The presence of Q 
waves 4 mm. in depth and 25 per cent of the sue- 
ceeding R waves in V; and Vs raised the question 
of infarction of the subendocardial layer of the 
anterolateral wall and the Q/R ratio of 25 per cent 
in aVr suggested the possibility of extension into 
the subendocardial portion of the posterior wall. 
Inasmuch as the time interval from onset to nadir 
of the Q waves did not exceed 0.02 second in any 
lead, and in view of the fact that the Q/R ratios 
were borderline, but not definitely abnormal, it 
was concluded that the Q waves in all leads could 
be accounted for by left ventricular dilatation and 
hypertrophy in the absence of infarction. 

On the day after the electrocardiographic trac- 
ings were made, death occurred due to massive 
pulmonary hemorrhage. Autopsy revealed a large 
aneurysm that obstructed and eroded the right- 
stem bronchus and compressed the pulmonary ar- 
tery. The heart weighed 448 grams and showed 
moderate left ventricular hypertrophy. There was 
no evidence of coronary narrowing or myocardial 
infarction. 

Case 38.—The patient was a disoriented man, 52 
years of age, who was brought to the hospital at 
midnight with extreme orthopnea and cyanosis, 
but only moderate peripheral edema. He had had a 
chronic cough for several years and had _ been 
treated for recurrent congestive failure by his family 
physician during the preceding six months. The 
chest was barrel-shaped, but auscultation revealed 
crepitant rales throughout both lung fields. These 
rales were interpreted as evidence of acute pul- 
monary edema due to left ventricular failure. De- 
spite the lack of definite information as to the amount 
of digitalis taken prior to admission, Cedilanid wis 
given intravenously in three divided doses during 
the night to a total of 1.6 milligrams. 

The electrocardiogram reproduced in figure 47 
was obtained one-half hour before death. The 
cardiac rhythm appeared regular to auscultatica 
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beh before and after the administration of Cedil 
and, but the electrocardiogram revealed auricular 
fil rillation with slightly irregular ventricular rhythm, 
“ycle lengths varying from 0.40 second to 0.52 
ond. The ventricular complexes were uniform in 
‘oitour in any given lead. The electrocardiogram 
3 therefore interpreted on the assumption that the 
yulses responsible for the QRS-T complexes 
».ched the ventricles through the A-V node. 

Close scrutiny of Leads Vi; and V:2 revealed a 
minute initial R wave, a small downstroke, and a 
prominent slurred R’ deflection, which attained a 
peak 0.08 second after the onset of the QRS com- 
plex. These findings together with a QRS interval 
of 0.12 second led to a diagnosis of right bundle 
branch block. The striking features of this case were 
the qrS complexes and abnormally elevated, dome- 
like RS-T segments in V4 and V; and the QS de- 
flection and rounded RS-T segment in V, and aVt. 
These findings were attributed to recent infarction 
of the anterolateral wall of the left ventricle. 

Autopsy revealed far-advanced obstructive em- 
physema and pulmonary arteriosclerosis, with a 
complicating acute suppurative bronchiolitis to 
account for the diffuse crepitant rales. The heart 
weighed 421 grams and showed evidence of marked 
dilatation and hypertrophy of the right ventricle. 
The hypertrophy was so marked that the weight of 
the right ventricular segment exceeded that of the 
left, as indicated by a ratio of 0.74. The coronary 
tree was of normal caliber. No evidence of myo- 
cardial infarction was found on gross examination 
or in multiple microscopic blocks taken around the 
circumference of the ventricle at different levels. 

After the necropsy was completed, reconsidera- 
tion was given to the possibility that a ventricular 
tachycardia, arising from a focus in the left apex, 
might have been responsible for the bizarre QRS-T 
pattern. A QS- or W-shaped complex may be re- 
corded through a lead over the site of origin of the 
ectopic impulse, but would not be expected over so 
wide an area as that covered by the V:, V;, and Vs 
positions. Furthermore, the first portion of the 
QiS in V; and V; (i.e., the rs deflection) was atypical 
of the pattern found in right ventricular leads in 
ec opic beats arising in the left ventricle. Hence 
re tudy of the tracing affirmed the previous con- 

sion that the impulses responsible for the QRS-T 

iplexes reached the ventricle by way of the A-V 

cle, 

.ctivation uf the free wall of the markedly hyper- 

hied right ventricle was believed responsible 

the prominent R’ wave in V; and V2 and for the 
)$ wave in Vs, and V;. Predominant activation 
he septum by impulses spreading from left to 
it apparently led to the inscription of the initial 
ave in V,; and V2 and to the Q wave in V, and 
’;. Since the initial r wave in V; and V; was normal 
in luration and very low in voltage, whereas the 
fir.| R’ was very broad and slurred, the conduction 


defect responsible for the lengthening of the QRS 
interval was probably located in the free wall of 
the right ventricle rather than in the septum. Activa- 
tion of the anterior wall of the left ventricle was 
believed responsible for the small R wave in V, and 
VY; and the small S wave in V; and V2. Opposing 
negative potentials coming from activation of the 
right ventricle and perhaps the posterior wall of 
the left ventricle probably accounted for the small- 
ness and brevity of the r wave in V; and V;. The 
duration of the QS deflection in V; corresponded 
with the time interval from the end of the R to 
the termination of the QRS complex in V; and V5. 
Thus, the QS deflection in Vs was actually an S 
wave derived from activation of the right ventricle 
and perhaps in part from the posterior wall of the 
left ventricle. The potentials responsible for the 
antecedent qr deflection registered in V; and V; were 
apparently lost during the course of transmission 
through an emphysematous lung to position V6. 

Domelike elevation of the RS-T segment following 
a QS or a qrS complex may occur not only as a 
manifestation of myocardial infarction, but also from 
overdigitalization. The latter alternative was ap- 
parently responsible for the RS-T displacement 
in Vi, Vs; and Vz. and should have been suspected 
during life for the following reasons: (1) a full dose of 
Cedilanid had been given to a patient who had been 
receiving digitalis in unknown amounts; (2) the 
Q-T interval ranged from 0.23 second to 0.25 second 
and was slightly shorter than the Ashman and Hull 
standards of 0.25 to 0.28 second for the cycle 
lengths represented.!® The absence of typical digi- 
talis effects in other leads is left unexplained. 

This case serves as another illustration of how 
clusely patterns associated with right ventricular 
dilatation and hypertrophy mimic those due to myo- 
cardial infarction. An erroneous diagnosis of myo- 
cardial infarction was made by all members of the 
department who studied the tracing prior to knowl- 
edge of the pathologic findings. Experience with this 
case indicates that caution must be exercised in the 
interpretation vf findings in leads from the left 
precordium when leads from the right precordium 
show evidence of right bundle branch block or right 
ventricular hypertrophy. 


SUMMARY 


The differential diagnosis between uncom- 
plicated bundle branch block and that associ- 
ated with myocardial infarction has been 
brought out through a detailed analysis of the 
electrocardiograms in eleven cases. These cases 
were selected because of (1) QRS-T patterns 
considered diagnostic, or at least suggestive, of 
myocardial infarction; (2) subsequent exclu- 
sion of myocardial infarction at autopsy. 

Left bundle branch block was present in four 
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of the cases and was manifested by one or 
more of the following signs that raised the 
question of myocardial infarction or led to an 
erroneous diagnosis during life: (1) broad, 
slurred QS deflections in the six customary pre- 
cordial leads (Vi through Vz); (2) a triphasic 
qrS pattern, consisting of small, narrow q and r 
deflections and a deep, broad S wave, in one or 
more precordial leads just to the right of the 
transitional zone; (3) registration of an rS com- 
plex in Lead V; and/or V2 and a QS deflection 
in one or more leads farther to the left; (4) 
progressive diminution of the initial R wave, 
then replacement by a qRS deflection as the 
electrode was moved towards the left; (5) cove- 
plane inversion of the T wave associated with 
QS- or W-shaped complexes in leads near the 
transitional zone. 

Right bundle branch block was present in 
the other seven cases and was manifested by 
one or more of the following signs likely to be 
mistaken for those of myocardial infarction: 
(1) pseudo Q waves in leads from the right pre- 
cordium and or transitional zone; (2) elevation 
of the RS-T junction and abnormal inversion 
of the T wave in leads from the right precor- 
dium; (3) reduction in the R wave together 
with deep inversion of the T wave in interme- 


diate leads; (4) concordant T waves; (5) promi- 


nent Q waves in leads from the left precordium. 
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Other QRS-T Patterns that May Be Mistaken 


for Myocardial Infarction 


IV. Alterations in Blood Potassium; Myocardial Ischemia; 
Subepicardial Myocarditis; Distortion Associated 
with Arrhythmias 


By Gorpon B. Myers, M.D. 


The electrocardiograms of patients in whom myocardial infarction was excluded at autopsy are 
presented to bring out (1) differentiation of patterns due to subendocardial ischemia or hypopotas- 
semia from those due to subendocardial infarction; (2) differentiation of cove-plane T inversion 
associated with subepicardial myocarditis or ischemia from that accompanying myocardial in- 
farction; (3) errors resulting from attempts to draw diagnostic inferences from the registration of 
prominent Q waves and/or cove negative T waves in ectopic beats or tachycardias. 


HE DIFFERENTIATION between the 

precordial electrocardiogram of myocar- 

dial infarction and that associated with 
left ventricular hypertrophy, right ventricular 
hypertrophy and dilatation, and bundle branch 
block has been covered previously.'* In this 
article, certain electrocardiographic features 
suggestive of myocardial infarction, but actu- 
ally referable to alterations of blood potassium, 
to myocardial ischemia, to subepicardial myo- 
carditis with or without pericarditis, or to QRS 
distortion associated with arrhythmias are 
brought out through the presentation of cases 
in which the possibility of myocardial infarction 
was excluded at autopsy. The method of study 
was similar to that described in previous re- 
ports. 


ALTERATIONS IN BLoop PoTasstuM 


The electrocardiographic findings associated 
th both excessive elevation‘~* and abnormal 
‘pression! of blood potassium have been des- 
bed fully and need not be reiterated. The 
sibility of mistaking hypopotassemic depres- 
sia of the RS-T junction and inversion of the 
‘ vave for acute subendocardial infarction will 
brought out through the presentation of 

se 39. The resemblance of certain features 
he biphasic QRS-T complex associated with 


rom the Department of Medicine, Wayne Uni- 
ity, and City of Detroit Receiving Hospital, De- 
, Mich. 


extreme hyperpotassemia to the pattern of ex- 
tensive infarction with bundle branch block will 
be brought out through the presentation of 
Case 40. 


Case 39.—The patient, a woman, age 45 years, 
was admitted to the hospital on June 18, 19438, 
in deep diabetic coma, accompanied by marked 
dehydration and profound peripheral circulatory 
collapse. The first electrocardiogram (fig. 1) ob- 
tained two hours after admission, when the carbon 
dioxide combining power was 10 volumes per cent, 
showed normal QRS complexes and tall, sharply 
peaked T waves. The latter finding was strongly 
suggestive of hyperpotassemia, but could have been 
due, in part, to the acidosis. During the first twenty- 
four hours, the patient received 1540 units of insulin, 
1000 ce. of plasma, and 14,000 ce. of parenteral 
fluid, partly in the form of physiologic saline, 
partly as 5 per cent glucose. Peripheral circulatory 
collapse persisted until June 19 and normal blood 
pressures were maintained thereafter. No cardiac 
glycosides were given at any time to this patient. 

The second tracing was obtained shortly after 
recovery from shock, when the carbon dioxide com- 
bining power was 50 volumes per cent and blood 
sugar 450 mg. per 100 ec. of blood. The QRS de- 
flections showed slight reduction in voltage, but 
no significant change in configuration. On the other 
hand, striking changes occurred in the RS-T com- 
plexes, characterized by a 1-mm. depression of the 
RS-T segments and flattening of the T waves in 
Leads I and II; a reversal in the direction of T;; a 
2-mm. depression of the RS-T segments and in- 
version of the previously tall erect T waves in 
Leads V, and Vs; an apparent lengthening of the 
Q-T interval in Leads V; and Vz. These changes 
were attributed to acute ischemia or patchy infare- 
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tion of the subendocardial aspect of the anterolateral 
wall of the left ventricle, consequent upon the pro- 
longed shock. The possibility of hypopotassemia 
was not considered at the time, but appears likely, 
in view of the recent reports of Holler and of 
Martin and Wortman." The severe dehydration 
antedating admission should have been accompanied 
by shift of potassium from cells to plasma, and 
should have resulted in elevation of blood potassium 
and marked loss in the urine. The excessive fluid 
intake during the first twenty-four hours should 


6-18 6-19 


as shown by the appearance of edema and alkalosis, 
Repeat tracings on June 21 and 23 showed no signif- 
icant change in QRS contour, but the voltage was 
reduced in Leads II, III, and V,, probably owing 
to edema. The depressed RS-T segments progres- 
sively approached the isoelectric line and the in- 
verted T waves became upright in Lead V, and 
isoelectric in Vs. The improvement in RS-T comp!:x 
and T wave occurred despite the deterring influence 
of alkalosis, as evidenced by a carbon dioxile 
combining power maintained at 80 volumes jer 


6-21 6-23 


Fic. 1.—Serial electrocardiograms in Case 39. 


have caused further loss of potassium in the urine 
and the restoration of carbohydrate metabolism 
under the stimulus of large doses of insulin should 
have caused shift of potassium from plasma to 
liver, thereby reducing blood potassium to danger- 
ously low levels. 

The blood sugar reached normal levels on June 
20, as a result of an additional 800 units of insulin 
during the second twenty-four-hour period and was 
maintained between 100 and 200 mg. per 100 ce. 
of blood thereafter by an average dose of 75 units 
of insulin daily. An additional 5000 cc. saline and 
glucose solution given on June 19 proved excessive, 


cent, and was probably due to partial replenishment 
of potassium by oral feedings. 

Deep coma was replaced by stupor on June 19 
and by drowsiness on June 20, but complete mental 
clearing failed to occur. After a four-day interval 
of drowsiness and irrationality, the patient lapsed 
into coma and died on June 25. The diabetes was 
under good control and moderate alkalosis was 
still present at the time of death. The principal 
autopsy finding was subcortical devastation necrosis, 
attributed to cerebral anoxia. The heart weighed 
350 grams. The coronary vessels were normal )>y 
injection and dissection and no evidence of myo- 
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eaidial infarction was found. The serial changes 
in ‘he electrocardiogram were, in retrospect, prob- 
ab'y the result of alterations of blood potassium. 

‘ase 40.—The patient was a man, 37 years of 
ag’, Who gave a history of diabetes mellitus of 
thiteen years’ duration, intermittent dependent 
edima for five years, hypertension for two years, 
excrtional dyspnea for one year, and blurring of 
vis on for five months. Examination revealed hyper- 
tensive neuroretinopathy Grade 4, peripheral edema, 
albuminuria, and azotemia. The electrocardiogram 
of february 27, made shortly after admission and 
reproduced in figure 2, showed tall R waves and 
deeply inverted T waves in Leads V; and V, refer- 
able to left ventricular hypertrophy. 

The hospital course was marked by a gradually 
increasing renal insufficiency up until the morning 


3 
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of April 16, when the patient awoke with generalized 
flaccid paralysis, profound circulatory collapse, and 
anuria. Electrocardiogram revealed auricular stand- 
still, a QRS interval of 0.24 second, marked widen- 
ing of the terminal portion of the QRS, and sharp 
pexking of the T wave typical of extreme hyper- 
po!assemia. A distinct initial R wave was recorded 
in Leads Vi, Ve and V4, but a QS complex was 
pr-sent in V;. This finding was considered analogous 
to the reduction or disappearance of the initial 
R vave sometimes found in leads at the transitional 
zo:e in uncomplicated bundle branch block*® and 
he ce did not constitute evidence of infarction. 
he feature of hyperpotassemia that led to the 

in‘ ision of this case was the fusion of the terminal 
po ion of the QRS with the T wave to make a 
ern resembling that of infarction. This was 

be. exemplified by Lead aV;, of the tracing of 
Ay i 16. After the inscription of a small Q wave, 
ightly prolonged upstroke and the first half of 
ecipitous intrinsicoid downstroke, the string 
«ed at a right angle and then moved downwards 
n are, which at first glance resembled the 


elevated RS-T junction and covelike RS-T segment 
and T wave associated with recent myocardial 
infarction. However, from measurements of the 
QRS interval in other leads, it was evident that the 
RS-T junction was not at the right-angle bend, 
but rather at the notch in the lowermost point of 
the complex. Thus, the plateau following the right- 
angle bend and the subsequent descent were a 
part of the prolonged QRS and referable to the 
conduction defect of hyperpotassemia and were 
not a sign of infarction. 

Death occurred seven hours after the last tracing. 
At autopsy the heart weighed 426 grams and showed 
slight left ventricular hypertrophy, but no evidence 
of infarction. The coronary vessels were of normal 
caliber and showed only minimal sclerosis. Renal 
sections showed far advanced intercapillary glo- 


{ 
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merulosclerosis of the type described by Kimmel- 
stiel and Wilson. 


AcutTE MyocarpbiauL IscHEMIA 


During acute myocardial ischemia, leads 
facing the epicardial surface of the involved 
area may show transitory depression of the 
RS-T segment and/or inversion of the T wave, 
usually without change in the QRS complex.!5— 
When the acute ischemia is confined to a por- 
tion of the circumference of the left ventricle, 
leads facing the opposite, uninvolved wall may 
display reciprocal elevation of the RS-T seg- 
ment and/or tall erect T waves.” 7! 

Acute RS-T depression of similar magnitude 
and configuration may be observed in associa- 
tion with infarction or ischemia confined to the 
subendocardial layer of myocardium. Acute 
subendocardial ischemia may occur in previ- 
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ously normal hearts as a result of shock sec- 
ondary to perforated peptic ulcer, hemorrhagic 
pancreatitis, intestinal obstruction, and other 
surgical conditions. When confronted with a 


7-23-48 
1:00 p.m. 4:00 p.m. 


7-24 
1:00 a.m. 


Fig. 3.—Serial electrocardiograms in Case 41. 


clinical picture that raises the differential diag- 
nosis between acute myocardial infarction and 
an acute surgical abdomen, the demonstration 
of abnormal RS-T depression and/or T-wave 
inversion, with or without reciprocal elevation 


of RS-T segments and exaggeration of T waves 
in leads from the opposite wall, does not ex- 
tablish the former nor exclude the latter altcr- 
native.-*4 

The problem in differential diagnosis betwen 
acute subendocardial infarction and an acvte 
surgical abdomen complicated by myocard al 
ischemia and the error that may result from 
overemphasis of electrocardiographic findinzs 
is exemplified by Case 41. 


Case 41.—The patient was a 69 year old wom: n, 
who had had hypertension for several years, | ut 
was otherwise in good health until July 20, 19:8, 
when she was awakened by severe epigastric pan, 
radiating retrosternally. The pain remained const: nt 
and no new symptoms appeared during the next 
three days. The patient was brought to the hospital 
on July 23 in shock with unobtainable blood pressure 
and cold, clammy extremities. The heart was not 
enlarged, and showed a mesodiastolic gallop and 
a rate of 130 with frequent premature beats. The 
abdomen was slightly distended, but revealed no 
tenderness, rigidity, or masses. 

The first electrocardiogram (fig. 3) obtained on 
admission displayed sinus tachycardia with frequent 
auricular premature systoles, followed by aberrant 
ventricular response and rarely by dropped ventric- 
ular beat. The QRS complex of the sinus beats 
was not remarkable in contour in any lead, but that 
of the auricular premature beats in Leads aVy, II 
and III was characterized by an equiphasic QR 
complex. These QR complexes conformed with the 
pattern of posterior infarction, as shown by a 0.03- 
second interval from onset to nadir of the Q wave 
in aVy and a QR ratio of 100 per cent. This finding, 
together with the apparent 4-mm. RS-T depression 
in the cycles of sinus origin in Lead aVr, led the 
resident to make a diagnosis of recent infarction 
of the subendocardial portion of the posterior wall, 
whereas the 1- to 2-mm. RS-T depression in Leads 
V;, Vs and Vs was ascribed to continuation of the 
infarct into the subendocardial aspect of the antero- 
lateral wall. The marked increase in RS-T depression 
in Leads Vs and V; during the next three hours 
was interpreted by the resident as evidence con- 
firming his impression of extension of the infarct 
into the subendocardial portion of the anterolateral 
wall, and the changes on the following day did not 
induce him to alter his diagnosis. The patient. re- 
mained in shock and blood pressure was unobtain- 
able except for brief periods after plasma trans- 
fusions. A terminal tracing at 1:00 p. M. on July 
24 showed complete A-V block and death by ven- 
tricular standstill. 

The tracings were studied by the author aiter 
death of the patient, but prior to knowledge of ‘he 
autopsy, and a different interpretation was placed 
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m the findings. Inasmuch as RS deflections were 

e istered in all cycles of sinus origin in Leads aVr, 
and IIT, the abnormal QR deflections associated 
‘-h ectopie auricular beats were not considered 
enostie of posterior infarction, since they could 
explained by aberrant intraventricular conduc- 

1 of the premature impulse, to be discussed later. 
The 4-mm. depression of the RS-T junction in aVr 
w:s considered more apparent than real because 
of the tachycardia and the high voltage of the 
auricular complex. The heart was sufficiently rapid 
so that the beginning of the P wave was engrafted 
upon the end of the preceding T wave, thereby 
preventing return of the string to the isoelectric 
level. The extremely tall P wave in Lead aVr was 
followed by an exceptionally deep T, wave. The 
beginning of the T, wave could be seen in front 
of the R wave and the remainder of the T, wave 
could largely, if not entirely, account for the low 
level of the string following the S wave. Hence, 
the low level of the RS-T segment was regarded 
as a pseudodepression of no diagnostic significance. 
The question arose as to whether the RS-T 
depression in the last three precordial leads could 
be explained entirely by tachycardia and the T, 
deflection or whether it was due in part to a lesion 
in the subendocardial layer of the anterolateral 
wall. This question was settled by the marked 
increase in RS-T depression in V, and V; three 
hours later with little change in rate or P waves. 
The increasing RS-T depression in V, and V; was, 
therefore, indicative of a lesion of the subendocardial 
layer of the anterolateral wall of the left ventricle. 
The findings were attributed to acute ischemia, 
rather than to subendocardial infarction, because 
of an inerease, rather than a decrease, in the ampli- 
tude of the initial R waves in Leads V, and V;. 
The elevated RS-T junction and terminal inversion 
of the T wave in Lead aVx were the result of cavity 
potentials reciprocal to those responsible for the 
findings in Lead Vs. The high-peaked T waves in 
eads V, and V2 aroused the suspicion of hyper- 
otassemia and the progressive narrowing of the 
ise and sharpening of the apex of the T wave 
the last two tracings, along with the lengthening 
the Q-T interval, were best explained on this 
sis. Thus, the electrocardiographiec findings were 
‘ributed in part to acute ischemia of the sub- 
locardial portion of the anterolateral wall of the 

i ventricle and in part to hyperpotassemia. Un- 
tunately the blood potassium was not determined. 
\utopsy revealed gangrene of the ileum as the 
ise of death and showed no evidence of myocardial 
iretion or coronary narrowing. The heart weighed 

y 200 grams. There was pallor of the subendo- 
dial two-thirds of the left ventricular wall on 
ss examination and subendocardial interfibrillary 
ma without alteration of nuclei or striations was 
nd on microscopic study of a number of blocks. 
‘ese findings were attributed to myocardial is- 


chemia and thus gave support to the revised inter- 
pretation of the electrocardiographic findings. 


Cove-plane T waves, manifested by upward 
bowing of the RS-T segment, sharp inversion 
of the T wave, and a progressive evolution in 
serial tracings, are not pathognomonic of myo- 
cardial infarction, but may be found in associa- 
tion with acute myocardial ischemia,” : °° peri- 
-arditis,?’» 28 and other conditions.!: 2: * The as- 
sociation of cove-plane T waves with acute 
myocardial ischemia is exemplified by Cases 42 
and 43 and the association with pericarditis by 
Cases 44 and 45. 


Case 42.—The patient was a janitor, 58 years of 
age, who had had intermittent epigastric pain, 
radiating into both sides of the chest, and increasing 
exertional dyspnea for a period of six months. There 
were physical signs of syphilitic aortic insufficiency, 
aneurysm of the ascending aorta, and hypersensi- 
tivity of the carotid sinus. No cardiac glycosides 
were given. 

Electrocardiograms obtained on May 9, shortly 
after admission to the hospital, and repeated after 
a week of hospitalization, are reproduced in figure 
4. The striking findings in the first tracing were the 
sharply inverted T waves and convex RS-T segments 
in the last five precordial leads, associated with 
isoelectric RS-T junctions and normal QRS com- 
plexes. The RS-T pattern in these leads was com- 
patible with anterolateral infarction, myocardial 
ischemia, or pericarditis. The normal QRS com- 
plexes were strongly against the classical variety 
of anterolateral apical infarct, but were consistent 
with (1) the very rare infarct limited to the sub- 
epicardial layer of the apical portion of the antero- 
lateral wall; (2) an ischemic zone beyond the border 
of an infarct localized to the basal portion of the 
anterolateral wall. High precordial leads should 
have been taken to investigate further this latter 
possibility. 

The tracing of May 16 showed increase in R wave 
at the expense of the S in aVy and in the last four 
precordial leads, probably due chiefly, if not entire- 
ly, to counterclockwise rotation. The QRS deflection 
was still considered within the limits of normal. 
A much greater change occurred in the RS-T seg- 
ment and T wave in the last five precordial leads 
and could not be explained by the cardiac rotation. 
The previously inverted T waves had become low 
upright in the last five precordial leads, whereas 
the previously isoelectric RS-T junctions became 
considerably depressed in V, and slightly depressed 
in V; and V;. The development of RS-T depression 
was strongly against pericarditis or subepicardial 
infarction, but consistent with ischemia of the apical 
portion of the anterior wall. High precordial leads 
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should also have been taken on this date to rule 
out the possibility that the apical ischemic zone 
was associated with an infarct localized in the base 
of the anterolateral wall. 

Death occurred three weeks later. At autopsy 
the heart weighed only 393 grams. Syphilitic aortic 
insufficiency, aneurysm of the ascending aorta, and 
narrowing of the coronary ostia were found. The 
epicardium was normal and no evidence of infarction 
was found on gross examination or in the twelve 
microscopic blocks studied. However, a patchy fibro- 
sis was found in the majority of these blocks and was 
believed secondary to coronary insufficiency. Thus, 
autopsy excluded the possibility of myocardial in- 
farction and pericarditis, but revealed changes which 
suggested that myocardial ischemia was responsible 
for the electrocardiographic abnormalities.?° 


Case 43.—The patient was a 15 year old school 
girl, who gave a history of recurrent episodes of 
anemia since the age of six. She was admitted to 
the hospital in a severe relapse. The anemia was 


position V; and was subsequently excluded by the 
disappearance of the inversion. 

With the aid of transfusions, a progressive ise 
in red blood and hemoglobin occurred during Nove m- 
ber, to reach levels of 3,650,000 per cu. mm. gad 
62 per cent, respectively, on December 2. Para lel 
changes in T waves occurred, characterized by 
progressive increase in amplitude in Leads Ve, I :nd 
II, by metamorphosis of the deeply inverted 
wave in V, to a normal upright deflection, and by 
change from a deeply inverted to diphasiec to f': 
tened T wave in V2. No significant alterat on 
occurred in the normal QRS complexes. Beca ise 
of the parallelism between improvement in T wa ‘es 
and blood count, it was concluded that the ini ial 
cove-plane inversion was most likely an express.on 
of acute myocardial ischemia secondary to ‘he 
hemolytic crisis.3° The possibility of acute cor jul- 
monale was given serious consideration in the differ- 
ential diagnosis, but was deemed less likely because 
of the deeper inversion of the T waves in Lead 


Fic. 4.—Serial electrocardiograms in Case 42. 


established as hemolytic in type by fecal stercobilin 
excretion ranging from 720 to 1042 mg. in twenty- 
four hours. Sarcoidosis was discovered on bone mar- 
row examination and was confirmed by lymph 
glandular biopsy. No cardiac glycosides were given. 

The electrocardiogram of Oct. 31, 1944 (fig. 5), 
was obtained during the severe relapse, when the 
red blood count was 1,050,000 per cu. mm. of blood 
and the hemoglobin was 20 per cent. The QRS 
complexes were normal in all leads. The RS-T 
junctions were isoelectric throughout. The T waves 
were flattened in Leads Vz and I. The striking fea- 
ture was the sharp inversion of the T waves in 
Leads V2 and V,. Although the RS-T segments 
and T waves in these leads mimicked the cove-plane 
pattern of myocardial infarction, no consideration 
was given to such a diagnosis in the clinical inter- 
pretation because of the normal QRS complexes 
and the age of the patient. The possibility that the 
inverted T waves represented a normal variant of 
adolescence was deemed unlikely because of the 
depth of the T waves in a lead as far to the left as 


V, than in V2. An intercurrent pericarditis was a 
further alternative that could not be excluded by 
electrocardiographic findings. 

Splenectomy was performed on December 5, but 
death occurred four weeks later in another hemo- 
lytic crisis. The diagnosis of sarcoidosis was con- 
firmed at autopsy. The heart and coronary arteries 
were entirely normal to gross and microscopic ex- 
amination. The negative pathologic findings con- 
stituted indirect evidence supporting the antemor- 
tem ascription of the transiently inverted T waves 
to acute myocardial ischemia secondary to acute 
hemolytic anemia. 


PERICARDITIS AND SUBEPICARDIAL 
MyocarDITIs 


Although the RS-T pattern associated w.th 
pericarditis was described in 1929*'- *? and :e- 
peatedly elaborated upon during the next dc- 
ade,**-*7 reports continue to appear of cases w th 
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el. trocardiograms typical of pericarditis, in 
w) ich the authors made a diagnosis of ‘‘coro- 
na y occlusion” or myocardial infarction and 
fa ed to mention the possibility of pericardi- 
tics This indicates the need for a brief re- 
sune of the electrocardiographic findings in 
pe icarditis and re-emphasis of the features that 


carditis. During the acute stage, the RS-T 
junction is characteristically elevated and is fol- 
lowed by a monophasic upright T wave. At 
first, the RS-T segment usually ascends in a 
straight line or in a curved line with upward 
concavity, but may exhibit an upward con- 
vexity similar to that in myocardial infarction. 


Fig. 5.—Serial electrocardiograms in Case 43. 


‘ay be mistaken for those of myocardial in- 
‘etion. 
The RS-T changes about to be described are 
1. expression of a lesion of the superficial layers 
myocardium,**-*" 4! rather than an involve- 
vent of the epicardium per se, but, through 
cistom, are designated as the pattern of peri- 


As the acute passes into the subacute stage, 
serial tracings reveal a progressive return of 
the RS-T junction to the isoelectric line, ac- 
companied by a change to an upwardly convex, 
domelike RS-T segment, and a deepening cove- 
plane inversion of the T wave, similar to that 
in myocardial infarction. As the lesion heals, 
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there is a progressive return to normal upright 
T waves. 

The RS-T and T pattern of pericarditis, both 
in individual and in serial tracings, may be 
identical with that accompanying acute myo- 
‘ardial infarction. Certain minor differences in 
the distribution of the abnormal T waves and 
in their rate of evolution may aid in the elec- 
trocardiographic differentiation of pericarditis 
and myocardial infarction. In the former, com- 
parable RS-T patterns are usually found in 
leads facing the anterior and posterior ventricu- 
lar surface, owing to the tendency towards 
generalization of pericarditis; in the latter, re- 
ciprocal RS-T patterns are characteristically 
present owing to the tendency for localization 
of infarction to one wall. The evolution of the 
RS-T changes is usually much more rapid in 
pericarditis than in myocardial infarction. 

The most important criterion in differential 
diagnosis is the direction of the initial deflec- 
tion of the QRS wave. An abnormal Q wave 
is usually demonstrable in an overlying lead 
within a few hours after infarction of the sub- 
jacent wall, persists throughout organization 
of the lesion, and often remains permanently. 
On the other hand, Q waves are not produced 
by pericarditis or subepicardial myocarditis; 
however, a pre-existent Q wave may persist 
after the development of pericarditis and may 
give rise to diagnostic difficulties. In pericar- 
ditis, the R wave may be reduced in voltage, 
but remains normal in contour; in myocardial 
infarction, abnormal reduction in the R wave 
is characteristically present in leads facing the 
lesion and is often accompanied by abnormal 
slurring, notching or widening of the QRS com- 
plex. 

In spite of the foregoing criteria, pericarditis 
and myocardial infarction may be confused 
electrocardiographically. Diagnostic difficulties 
may be encountered in the presence of the fol- 
lowing three patterns: (1) Localized abnormal 
elevation of the RS-T junction and/or cove- 
plane inversion of the T wave in the presence 
of an initial R wave of normal or low voltage. 
Such a pattern is characteristic of a lesion of 
the subepicardial layer of myocardium and is 
usually not infarctive in origin. Before reaching 
a diagnosis of pericarditis, however, it is neces- 


sary to consider the rare infarct limited to the 
subepicardial layer and the less rare situation 
in which there is a widespread pericardial reac- 
tion secondary to a relatively small inferet 
localized to a portion of the wall not subtended 
by the customary precordial and limb le: ds, 
To further investigate the latter, supplemen- 
tary leads should be obtained from the V; : nd 
Vs positions and from the upper precordi im 
and left axilla at the horizontal level of «he 
junction of third intercostal space and s‘er- 
num. (2) Abnormal elevation of the RS-T june- 
tion and/or cove-plane inversion of the T wz ve, 
in complexes exhibiting a distinct Q wave «nd 
a normal to borderline Q/R ratio. This con:bi- 
nation brings up the differentiation between 
pericarditis in a person with pre-existent Q 
waves and infarction involving a thin layer of 
subendocardial muscle and extending through 
the wall in patchy fashion to reach the subepi- 
‘ardial layer. (3) Localized reduction in the 
amplitude of the R wave in a given lead below 
that attained in adjacent leads to the right 
and left. Such a finding suggests of patchy in- 
farction, but may be associated with pericardial 
thickening or effusion. Four cases of pericar- 
ditis (Cases 44 to 47, inclusive), that collec- 
tively exemplify the foregoing three patterns, 
will be presented to bring out the features that 
may be mistaken for those of myocardial in- 
farction. 


Case 44.—The patient was a girl 19 years of 
age. She was admitted to the hospital on May 
15 with a history of transitory sore throat three 
weeks previously and migratory joint pain and 
swelling of one week’s duration. A pericardial fric- 
tion rub was audible during the first week in the 
hospital, but no evidence of pericardial effusion 
was detected at any time. Embolic phenomena 
were first observed on June 3, signs of aortic in- 
sufficiency were detected on June 8, and congestive 
failure developed on June 13. No cardiae glycosides 
were given until June 14, when 0.8 mg. Cedilanid 
was injected intravenously one hour prior to the 
tracing. 

Serial electrocardiograms are reproduced in fig. 
6A. The tracing of May 15 showed elevated dome- 
like RS-T segments and sharply inverted T waves 
in the last four precordial leads and in all three 
limb leads, simulating the cove-plane contour of 
recent myocardial infarction. However, the normal 
initial R waves in each of these leads indicated 
that the lesion was probably confined to the sitb- 
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1G. 6.—Serial electrocardiograms in pericarditis and subepicardial myocarditis. 
A, Case 44; B, Case 45; C, Case 46. 
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epicardial layer and thus were strongly in favor of 
pericarditis and against myocardial infarction. To 
exclude more definitely the possibility of localized 
high anterior, high lateral or posterior infarction, 
additional leads are usually advisable from the 
back, upper precordium and axilla. Such a procedure 
was unnecessary in this case, in view of the clinical 
picture. 

The last four precordial leads on May 19 showed 
pronounced domelike RS-T elevation and a sharp, 
though shallow, inversion of the terminal portion 
of the T waves. This RS-T pattern simulated that 
associated with recent myocardial infarction, but 
could also be ascribed to a superficial lesion because 
of the normal initial R waves. The regression in 
RS-T abnormalities and reduction in the voltage 
of the R waves in the tracing of June 7 were con- 
sistent with the evolution in pericarditis. On the 
other hand, the marked RS-T depression and the 
slurring and prolongation of the ascending limb 
of the R waves, which appeared in Leads V4, V;, 
V., I and II on June 14, were not attributable to 
pericarditis. The contour of the RS-T segments 
was suggestive of digitalis action, but the degree 
of depression was much greater.than is customarily 
observed after doses of 0.8 mg. Cedilanid. Further- 
more, the fact that the Q-T interval was beyond 
the upper limits of normal and relatively longer 
than in previous tracings indicated that Cedilanid 
was not the major factor in the RS-T changes. 
From the combination of slurring and prolongation 
of the ascending limb of the R waves with RS-T 
depression and Q-T lengthening, it was postulated 
that the subepicardial myocarditis had extended 
through in patchy fashion to the subendocardial 
layer. 

Death occurred three hours after the last tracing. 
At autopsy the heart weighed 390 grams and showed 
evidence of a diffuse fibrinous pericarditis, without 
effusion, and an acute vegetative aortic valvulitis, 
superimposed on acute rheumatic endocarditis. The 
epicardial inflammatory reaction had extended into 
the superficial layer of myocardium. In addition, 
there was an acute rheumatic myocarditis dis- 
tributed in patchy fashion through the deeper layers 
of myocardium. This was believed to have been the 
major factor in the terminal changes in the R waves 
and RS-T complexes in left precordial leads. 

Case 45.—The patient was a laborer, 30 years of 
age, who gave a history of rheumatic fever compli- 
cated by a valvular lesion in 1939. He was admitted 
to the hospital on March 16, 1946, because of sudden 
hemiplegia. Examination revealed left ventricular 
hypertrophy, aortic insufficiency, embolic phenom- 
ena and positive blood cultures for Streptococcus 
viridans. 

The tracing taken shortly after admission on 
March 16 is reproduced in figure 6B along with a 
repeat electrocardiogram obtained on April 4. The 
last three precordial leads on March 16 displayed 


Q waves averaging 3 mm. in depth, R waves rangi: 
from 23 to 32 mm. in height, upwardly cone: 
RS-T segments, and normal erect T waves. Si 
the time interval from onset to nadir of the Q wa 
did not exceed 0.02 second and since the Q 
ratio was in the neighborhood of 10 per cent, it \ as 
concluded that the Q waves were normal. The po 
bility of left ventricular hypertrophy was sugges 
by the high voltage of the R waves, but a diagni sis 
of such could not be made electrocardiographica ||) 
in view of the normal duration of the ascend 
limb of the R wave and normal contour of R>- 
segments and T waves. 

The patient failed to respond to large doses 
penicillin. Acute pulmonary congestion develped 
April 2, necessitating rapid digitalization. Un 
tunately, a repeat electrocardiogram was not »b- 
tained until April 4. Leads V, and V; showed very 
striking changes from upwardly concave to convex, 
domelike RS-T segments, and from normal erect 
T waves to deeply and precipitously inverted, nar- 
row-based T waves. In Lead Ve, a less deep, cove- 
plane inversion took place. The possibility of over- 
digitalization was considered because of the short 
Q-T interval and the demonstration of cove-plane 
inversion of the T waves after toxic doses of digitalis 
in animals,’ but was discarded because of the 
normal P-R interval and the lack of typical digitalis 
effects in other leads. The T wave pattern in V, 
and V; was the reciprocal of that associated with 
hyperpotassemia, but the lack of typical changes 
in other leads excluded such a possibility. The fact 
that the deep T-wave inversion was confined to 
Leads V,, V; and V, pointed to a localized lesion 
in the anterolateral aspect of the left ventricle. 
The presence of Q waves 3 mm. deep in V¢ and 3 
to 5 mm. deep in V; might have led to a diagnosis 
of recent anterolateral infarction, were it not for 
the extremely tall succeeding R waves on April 
4 and the presence of a comparable QR pattern 
in the previous electrocardiogram. The fact that 
the time interval from onset to nadir did not exceed 
0.02 second, coupled with the QR ratios below 15 
per cent in the tracing of April 4, indicated that the 
Q waves were comparable to those in the previous 
tracing and were not attributable to infarction. 
As a consequence, a diagnosis of localized _peri- 
carditis was made. 

Death occurred on April 7. Autopsy revealed 
subacute vegetative aortic valvulitis and widespread 
miliary abscesses of embolic origin. The heurt 
weighed 521 grams and showed evidence of left 
ventricular hypertrophy. The coronary arteries were 
normal. There was no evidence of myocardial 'n- 
farction and no gross signs of pericarditis. However, 
microscopic examination revealed an acute sub- 
epicardial myocarditis, which was believed respon- 
sible for the RS-T changes. 

Case 46.—The patient, a Negro man, 23 ye: rs 
Of age, was hospitalized from February 22 to Miy 
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1! with a plateau fever, averaging 101 F. Six-foot 
r entgenograms showed a 59 per cent cardiothoracic 
r tio on admission, no change on March 20, and an 
i.crease to 75 per cent on April 26. On the latter 
dite, there were typical physical signs of pericardial 
eusion, which proved to be serosanguinous in 
type. Miliary infiltration was first detected in the 
lung fields on April 26; the lesions increased in size 
ir subsequent roentgenograms. 

The first tracing obtained on March 5 (fig. 6C) 
showed an initial upstroke in all precordial leads. 
This R wave increased progressively from an ampli- 
tude of 1 mm. in V, to 6 mm. in Vg, then fell off to 
4 mm. in V; and increased to 6 mm. in Vs. In view 
of the equiphasic RS complex in V;, the localized 
reduction in the amplitude of the R wave was 


ao 


but measured 1 to 2 mm. in amplitude in Leads 
V; and V;. The localized reduction in the amplitude 
of the R wave in V, could not be dismissed as a 
transitional zonal phenomenon because of the deep 
S wave, which exceeded the overall voltage of the 
equiphasic RS deflection in V;. The absolute and 
relative amplitudes of the R waves, as observed in 
the precordial leads of this case, would ordinarily 
raise the question of a healed patchy anteroseptal 
infarct. This error was avoided in this instance 
because the clinical findings were known at the time 
of electrocardiographic interpretation. 

The patient died of miliary tuberculosis on May 
14. At autopsy the heart weighed 493 grams and 
showed a universal plastic tuberculous epicarditis, 
which reached a maximal thickness of 1 centimeter. 


Fig. 7.— Serial electrocardiograms in Case 47. 


msidered a transitional zonal phenomenon. The 
wave was isoelectric or low upright in all leads 
‘cept V4, where there were respiratory fluctuations 
‘tween a low upright and shallowly inverted de- 
cetion. The significance of the T-wave patterns 
s not appreciated at the time, but in retrospect 
seems likely that they were referable to peri- 

% ditis. 
Che tracing of April 29 showed a generalized 
uction in QRS voltage, shallow inversion of 
T vaves in Leads II and III, and flattening of the 
aves in all other leads, consistent with pericardial 
| ision or constrictive pericarditis. The noteworthy 
ture of the tracing, which was responsible for the 
in lusion of the case in this article, was the localized 
re ‘uetion in the amplitude of the R wave in Lead 
V.. The R wave was barely detectable in this lead, 


® 


The pericardial sae contained 250 cc. of serosan- 
guinous fluid. The generalized and localized reduc- 
tion in R wave could be correlated with the peri- 
carditis. 

Case 47.—The patient was a man 57 years of 
age, who had had hypertension for three years. 
He was first admitted to the hospital on Jan. 11, 
1945, because of sudden vertigo. No cardiac gly- 
cosides were given. Electrocardiogram made on the 
following day and reproduced in fig. 7 showed initial 
R waves in all precordial leads. Those in Leads 
V, and V: were followed by deep, slightly widened 
S waves, elevated RS-T junctions, and tall upright 
T waves consistent with the changes produced by 
left ventricular hypertrophy in right precordial leads. 
The R waves in left ventricular Leads V; and Ve 
were not abnormal in amplitude or duration, but 
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were followed by isoelectric RS-T junctions and 
inverted T waves suggestive, but not diagnostic, 
of left ventricular hypertrophy. 

Lead V, required special attention because of 
domelike elevation of the RS-T segment and cove- 
plane inversion of the T wave. The tall initial R 
wave was against myocardial infarction and the 
limitation of the cove-plane pattern to one lead 
was against pericarditis. The fact that the R wave 
in V, resembled that in V; and Vs, whereas the S 
wave was comparable to that in V; and V2, suggested 
that the electrode at position V, was in the vicinity 
of the transitional zone and that the RS-T complex 
represented an approximately equal admixture of 
effects from the two ventricles. The first portion 
of the elevated RS-T segment resembled that in 
Leads V; and V2 and was probably transmitted 
chiefly from the right ventricle, whereas the terminal 
portion of the T wave, which extended below the 
isoelectric line, resembled the inverted T wave in 
V; and was probably transmitted chiefly from the 
left ventricle, as a result of counterclockwise cardiac 
rotation during mechanical systole. 

Q waves were present in Leads II and III, and 
were of normal amplitude in reference to the suc- 
ceeding R waves. The significance of slurring and 
broadening of the downstroke of Q; depended upon 
whether it was derived from prolonged initial nega- 
tivity of the left leg or from prolonged initial positiv- 
ity of the left arm.* In the former event, the slurring 
might have been referable to healed subendocardial 
posterior infarction; in the latter event, it might 
merely have been referable to left ventricular hyper- 
trophy. To settle the question, Lead aVr was 
needed; however, the patient became symptom-free 
and left the hospital before this lead could be 
obtained. 

The patient was symptom-free until the evening 
of April 3, 1945, when he was suddenly stricken 
with severe oppressive pain, confined to the retro- 
sternal region, complicated by shock with blood 
pressure of 90/80. The electrocardiogram of April 
4 was obtained fourteen hours after the onset of the 
pain. In the preliminary study, made without access 
to the previous tracing, a tentative diagnosis of 
recent posterior infarction was reached from the 
following findings in Leads aVr, II, and III: a 
QR ratio of 25 to 40 per cent, elevation of the RS-T 
junctions and monophasic upright T waves. Com- 
plicating anterolateral pericarditis was postulated 
from the elevation of the RS-T segments and 
notched T waves in V,, V;, and V, in the presence 
of normal initial R waves. 

Upon re-examination of the second tracing in 
the light of the original, further support to the 
diagnosis of recent anterolateral pericarditis was 
obtained from the decrease in amplitude of the R 
waves without change in contour of the QRS com- 
plex in the last three precordial leads. On the 
other hand, comparison of the two sets of limb 


leads altered the interpretation of the second trac- 
ing. The Q waves were a remnant of those present 
in the first tracing and had shown a decrease in 
amplitude, rather than the increase expected fro: 
intercurrent posterior infarction. The downstrok: 
of the Q wave in Lead aVr was neither slurred nor 
prolonged. The reduction in the R waves was con:- 
parable to that in V. and, along with the RS-! 
elevation, could be explained by pericarditis, in tl: 
absence of infarction. Although the error made 
the original interpretation of the second traciryz 
was corrected by restudy in the light of a previo 
tracing, this case serves to exemplify the difficulti 
in differentiation of the patterns of acute pericardit 
and myocardial infarction. This history of sudd 
severe retrosternal pain followed by shock, togeth 
with a QRS-T pattern indicative of pericarditis 
rather than myocardial infarction, pointed towar|s 
hemopericardium from ruptured dissecting aneu- 
rysm. 

Death occurred twenty-six hours after the last 
electrocardiogram. Autopsy revealed hemopericar- 
dium secondary to dissecting aneurysm. There was 
marked concentric left ventricular hypertrophy, but 
no evidence of recent or old myocardial infarction. 
The coronary vessels showed no signs of compression 
or occlusion. The autopsy findings adequately ex- 
plained the history of sudden severe retrosternal 
pain followed by shock and the electrocardiographic 
signs of pericarditis. 


DIsTORTION OF THE QRS Complex 
SECONDARY TO ARRHYTHMIAS 


QRS complexes resembling the pattern of 
myocardial infarction may be found in certain 
arrhythmias, as a result of (1) an ectopic ven- 
tricular focus, (2) aberrant intraventricular 
conduction of a premature impulse of supra- 
ventricular origin, (3) fusion of an inverted 
auricular deflection with the beginning of the 
ventricular complex. The remaining cases have 
been selected to exemplify the foregoing situa- 
tions. 


Ectopic Ventricular Beats. 


Attention to the possible diagnostic signifi- 
cance of the QRS-T pattern in ectopic ven- 
tricular beats has been directed by Dresslev’s 
case of posterior infarction." The QRS-T pat- 
tern in beats of sinus origin was typical of 
left bundle branch block and was not indicative 
of infarction. The diagnosis was made from 
the presence of a deep Q wave, elevated RS-T 
junction and cove-negative T wave in ectopic 
beats in Lead Ili and was subsequently con- 
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irmed at necropsy. Since then, another case of 
eft bundle branch block has been reported,‘ 
n which the diagnosis of anterior myocar- 
lial infarction was made from the QRS-T pat- 
ern of ectopic ventricular beats in precordial 
eads. On the other hand, an impulse origina- 
ing from an ectopic ventricular focus directly 
beneath the precordial electrode may give rise 
o a QS or QR complex, an elevated RS-T 
egment, and inverted T wave, irrespective of 
he presence or absence of myocardial infare- 
tion. The error that might result from an at- 
empt to draw diagnostic inferences from the 
(QRS-T pattern in ventricular ectopic beats is 
illustrated by Case 48. 


Case 48.—The patient, a woman 38 years of age, 
vave a history of fever and night sweats of three 
months duration and had physical and roentgen 
signs of pericardial effusion. Three hundred and 
fifty ec. of straw-colored fluid were removed prior 
to the electrocardiogram reproduced in figure 8. 

A sinus mechanism was present, complicated by 
intermittent premature ventricular beats with short 
episodes of bigeminy. The QRS complexes of sino- 
auricular origin were consistent with a diagnosis 
of pericarditis, because of (1) initial R waves that 
were low in voltage, but normal in configuration 
in all leads; (2) T waves that were inverted in V2, 
\V;, Va, and V; and isoelectric in the remaining leads. 
On the other hand, the QRS complexes of the pre- 
mature ventricular beats in Lead V; (second, fourth, 
and sixth cycles) were characterized by a deep, 
wide, slurred Q wave, a domelike RS-T segment 
and inverted T wave, and were comparable to those 
in Dressler’s case.** Although the presence of such 
1 pattern in beats of sinoauricular origin would have 
been considered pathognomonic of infarction, its 
limitation to ectopic ventricular beats nullified its 
liagnostic significance in the antemortem inter- 
pretation of the tracing. 

Death occurred three weeks after the electro- 
ardiogram. Autopsy revealed tuberculous pericar- 

itis. The epicardium was approximately 1 em. in 
hickness. The inflammatory process extended into 
‘he subepicardial zone, but spared the deeper layers 
‘myocardium. There was no gross or microscopic 
vidence of myocardial infarction. The deep, broad 
) wave in the premature ventricular beats of Lead 
; was probably a manifestation of an ectopic focus 
: the subepicardial layer. 


entricular Tachycardia. 


In the interpretation of electrocardiograms 
‘xhibiting sinus rhythm complicated by pre- 


mature ventricluar beats, one is less likely to 
err by disregarding the configuration of ectopic 
beats and depending entirely upon the QRS-T 
pattern of intervening sinus beats. When sus- 
tained ventricular tachycardia is present, there 
are no sinus impulses to serve as a guide and 


Fig. 8.—Electrocardiographiec findings in Case 48. 


one may be tempted to draw diagnostic infer- 
ences from QS or QR patterns, particularly in 
view of the fact that myocardial infarction is 
the commonest cause of this type of arrhyth- 
mia. The error from such deductions is exem- 
plified by Case 49. 





88 QRS-T PATTERNS MISTAKEN FOR MYOCARDIAL INFARCTION. IV 


Case 49.—The patient was a man, 53 years of 
age, who began to have exertional and paroxysmal 
nocturnal dyspnea in the summer of 1942 and de- 
pendent edema the following autumn. He was ad- 
mitted to the hospital with severe congestive failure 
in Jan. 1943. There was electrocardiographic evi- 
dence of left ventricular hypertrophy and nodal 
tachyeardia, which later reverted to sinus rhythm. 
The patient was well compensated at discharge and 
was not again under observation until Sept. 18, 
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was favored partly because of the known presence 
of nodal tachycardia on the previous admission 
but chiefly because of the absence of distinct f{ 
waves. Proceeding upon the assumption of a middle 
nodal tachycardia, the deep broad Q waves, late 
R wave, and RS-T elevation in Leads V, and V 
were construed as evidence of septal infarction with 
right bundle branch block and the W-shaped QRS 
complexes in V; and V, were attributed to continua- 
tion of the lesion into the anteroseptal wall of the 
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Fic. 9.—Electrocardiographic findings in Case 49. 


1943, when he was brought to the hospital in coma. 
No history was obtainable. Cedilanid 1.6 mg. was 
given intravenously prior to the electrocardiogram. 

The tracing of September 18 revealed no evidence 
of auricular activity, a regular ventricular rhythm 
of 150 per minute, and a QRS interval of 0.14 
second (fig. 9). Two explanations were considered: 
(1) auricular fibrillation complicated by ventricular 
tachycardia, (2) middle nodal tachycardia with 
defective intraventricular conduction. When the 
tracing was first examined, the latter alternative 


left ventricle. The QRS alternans in V2, Vs and V. 
was also considered a manifestation of anteroseptal 
infarction. 

The findings on September 20 (fig. 9) placed a 
different light both on the arrhythmia and the 
ventricular lesion. Distinct f waves were visible 
in V, and V. and the ventricular rhythm was 
totally irregular, indicating the presence of auricular 
fibrillation. The QRS interval had shortened to 
0.10 second. All six precordial leads displayed a2 
rS deflection. In the first three leads, the initial r 
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vas minute and was followed by a broad, slurred 
: wave; in the last three leads, the r wave increased 
rogressively at the expense of the S wave. The 
3 deflection in the first five leads indicated pre- 
ominant transmission of the potential variations 
f the right ventricle to the left precordium; the 
nall, amost equiphasic RS complex in V6. repre- 
nted a manifestation of the transitional zone. 
he wide transmission of the potential variations 
{ the right ventricle over the left precordium was 
ue in part to right ventricular hypertrophy, in 
art to clockwise rotation of the heart. The depth 
«nd breadth of the S wave in these leads indicated 
left ventricular hypertrophy. Leads V7 and Vs were 
ot obtained in this case, but would probably have 
furnished confirmatory evidence of left ventricular 
hypertrophy in the form of a prominent R wave 
with late peak, reciprocal to the S wave of Lead Vs. 

In view of the findings on September 20, recon- 
sideration was given to the tracing of September 
iS and the diagnosis was changed to auricular 
fibrillation complicated by A-V block and ven- 
tricular tachycardia. Since the deep broad Q 
waves in the first four precordial leads on Sep- 
tember 18 gave way to a distant initial R wave on 
September 20, when the ventricles were activated 
by impulses of auricular origin, it was concluded 
that these Q waves were referable to an ectopic 
ventricular focus rather than to myocardial infarc- 
tion. Both the ventricular tachycardia and QRS 
alternans probably represented manifestations of 
digitalis intoxication and could have been produced 
by the intravenous injection of 1.6 mg. Cedilanid, 
particularly if the patient had been receiving car- 
diac glycosides prior to admission. 

Death occurred on September 21. At autopsy 
the heart weighed 690 grams and exhibited left 
ventricular hypertrophy and secondary right ventric- 
ular dilatation and hypertrophy. The coronary 
arteries were of normal caliber and no evidence 
of myocardial infarction was found. Thus, an erron- 
eous diagnosis consequent upon the present of ven- 
tricular tachycardia was averted by a second tracing, 
taken after resumption of ventricular activation 
by impulses of auricular origin. 


Abberant Intraventricular Conduction of Prema- 
ture Auricular Beats 


This has been exemplified by the first tracing 
©btained on Case 41 (fig. 3). Premature auricu- 
l\r beats in Leads aVy, II and III were fol- 
l-wed by QR deflections that conformed with 
‘he pattern of posterior infarction both in re- 
svect to the duration of the descending limb 
©: the Q wave and the relative amplitudes of 
tie Q and R waves. A diagnosis of posterior 
‘ faretion would have been justified if beats of 


sinoauricular origin in the same leads had dis- 
played comparable QR deflections. Since RS 
deflections were registered in all cycles of sinus 
origin in Leads aVy, II and III, the question 
arose as to whether the QR complexes associ- 
ated with the ectopic auricular beats were 
manifestations of aberrant conduction in the 
absence of myocardial infarction or other ven- 
tricular lesion. Since repolarization is normally 
completed earlier in the anterior than in the 
posterior wall of the ventricles, it is possible 
for a premature auricular impulse to reach the 
ventricles immediately after the anterior wall 
has passed out of the refractory state, but 
while the posterior wall is still unresponsive. 
During the period while the impulse is activa- 
ting the anterior, but is held up in the posterior 
wall, negative cavity potentials are transmitted 
through the posterior wall to the surface, to 
be recorded as abnormal Q waves in Leads 
aVy, Il and III. The fact that the ectopic 
auricular beats in Patient 41 were so prema- 
ture that the ventricular response began 0.05 
second prior to the end of the T wave of the 
preceding cycle indicated that aberrant intra- 
ventricular conduction in the absence of infarc- 
tion could have accounted for the abnormal Q 
waves in Leads aVy, II and III of the ectopic 
beats. Autopsy excluded the possibility of in- 
farction, but did reveal an ischemia of the 
entire circumference of the subendocardial 
layer of the left ventricle. Whether or not the 
ischemia accentuated the normal difference in 
time of recovery from the refractory state in 
the anterior and posterior walls is unknown. 


Fusion of a P Wave with the First Portion of 
the QRS Complex 


The possibility of mistaking an inverted au- 
ricular deflection for a Q wave has been men- 
tioned,*® and is exemplified by Case 50. 


Case 50.—The patient, a clerk 49 years of age, 
was admitted to the hospital on April 9, after three 
weeks of incapacitation because of progressive or- 
thopnea, complicated by repeated hemoptyses. Past 
history disclosed exertional dyspnea for five years 
and retrosternal burning on walking against a cold 
wind during the preceding winter. There were phy- 
sical signs of mitral and aortic stenosis and insuffi- 
ciency. 
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The electrocardiogram reproduced in figure 10 
was one of a series and was obtained after digitaliza- 
tion. Since the interpretation of this tracing would 
have been rendered more difficult if Lead Vsr had 
not been available, an analysis will first be made 
of the remaining leads. Casual inspection of Lead 
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amplitude. In the remaining precordial leads, the 
QRS began with an upstroke and the R wave 
steadily increased at the expense of the S wave 
as the electrode was moved towards the left. The 
R/S ratio thus failed to reveal evidence of pe- 
ponderant hypertrophy of the right ventricle. 
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Fic. 10.—Electrocardiographie findings in Case 50. 


V; showed a precipitous initial downstroke, 2 mm. 
in depth and 0.02 second in duration, followed by 
a splintered R wave reaching 3 mm. above the iso- 
electric line and then by an S wave 7 mm. deep. 
A barely discernible initial downstoke was found 
in V2, followed by an equiphasic RS complex, 
each component being approximately 12 mm. in 


If the initial downstroke in V, and V2 represented 
a Q wave, a diagnosis of old septal infarction would 
have been justified.” Comparison of measureme: ts 
of the QRS interval in various precordial leads 
provides a useful method for determining whet! er 
or not the initial downstroke in V; and V2 is a p:'t 
of the ventricular complex. When differences exist. 
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tie longest measurement is generally obtained in 
\-ads directly over the ventricles (such as V; and 

) and slightly shorter measurements are obtained 
i leads at a distance, such as V; and/or Ve, owing 
t ) transmission losses at onset or end of ventricular 

tivation. The interval from the beginning of the 
i itial downstroke to the end of the S wave in 
\, measured 0.12 second and was 0.03 to 0.04 
s cond longer than the interval in V; and V,. This 
©»servation indicated that the initial downstroke 
vas not a part of the QRS complex, but rather 

1 antecedent P wave. The resemblance of the 
downstroke of this P wave to the exceptionally 
steep descent of the T wave suggested that the 
latter was due to a superimposed P wave. This 
was confirmed by the fact that the time interval 
hetween these two downstrokes was exactly one- 
half of a eyele length. 

Although the correct diagnosis could be reached 
from a careful analysis of Lead V,, it was evident 
froma glance at Lead V3r. The inverted and notched 
deflection immediately preceding the RS complex 
was unmistakably a P wave and the presence of 
a similar notch on the T wave indicated a second 
superimposed auricular deflection. The shape of 
the P waves and the intervening isoelectric interval 
indicated the presence of auricular tachyeardia and 
the A-V ratio indicated a 2:1 block. A similar 
rhythm was found in five other tracings obtained 
over a span of sixteen days. The ease of diagnosis 
from Lead Vsr, the possibility of mistaking the 
P for Q waves from a casual inspection of Leads 
V, and V2 and of detecting the abnormal rhythm 
from a more careful analysis of the same lead, 
and the difficulty or impossibility of diagnosis from 
other leads were also observed in other tracings. 

Death occurred as a result of multiple pulmonary 
infarets. At autopsy the heart weighed 554 grams 
and showed right and left ventricular hypertrophy, 
associated with rheumatie mitral and aortic val- 
vulitis. Both atria were markedly dilated. The cor- 
onary vesseis were of normal caliber and no evidence 
of myocardial infarction was found. 


SUMMARY 


Certain QRS-T patterns suggestive of myo- 
‘irdial infaretion, but actually referable to al- 
rations of blood potassium, to myocardial 
‘hemia, to subepicardial myocarditis, or to 
stortion from arrhythmia are illustrated by 
ses in which the possibility of myocardial 
faretion was excluded at autopsy. 
Precipitous fall in blood potassium to low 
vels may be manifested by RS-T depression 
id T-wave inversion resembling that associ- 
‘d with acute subendocardial infarction. Ex- 
eme hyperpotassemia may cause marked 


widening of the terminal portion of the QRS 
complex and fusion with the T wave to form 
a pattern that may be mistaken for that of 
myocardial infarction, complicated by bundle 
branch block. 

The problem in differential diagnosis be- 
tween acute subendocardial infarction and an 
acute surgical abdomen complicated by shock 
and the error that may result from overempha- 
sis of electrocardiographic findings is exempli- 
fied by a case showing marked and progressive 
RS-T depression due to myocardial ischemia 
without infarction, secondary to gangrene of 
the ileum. 

Rapidly evolving cove-plane inversion of 
the T waves associated with acute myocardial 
ischemia of varying cause and with acute sub- 
epicardial myocarditis is exemplified and dif- 
ferentiated from that accompanying acute 
myocardial infarction. 

The following electrocardiographic patterns 
associated with subepicardial myocarditis and 
pericarditis may be mistaken for those of myo- 
‘ardial infarction and are differentiated with 
the aid of illustrative cases: (1) localized eleva- 
tion of the RS-T junction and/or cove-plane 
inversion of the T wave in the presence of an 
initial R wave of normal or low voltage, (2) 
abnormal upward displacement of the RS-T 
segment and/or cove-plane inversion of the T 
wave in complexes exhibiting a distinct Q wave 
and a normal to borderline Q/R ratio, (3) loca- 
lized reduction in the amplitude of the R wave 
in a given lead below that attained in adjacent 
leads to the right and left. 

The errors that might result from attempts 
to draw diagnostic inferences from the regis- 
tration of deep Q waves and/or cove-negative 
T waves in premature ventricular beats or in 
ventricular tachycardia are brought out by 
suitable examples. Furthermore, premature au- 
ricular beats may be conducted aberrantly 
through the uninfarcted ventricles, leading to 
the registration of abnormal QR patterns, 
simulating those recorded in sinoauricular beats 
in the presence of infarction. The fusion of a 
sharply inverted ectopic P wave in V; with 
the first portion of the QRS to produce a tri- 
phasic deflection resembling the findings in 
septal infarction is also demonstrated. 
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Cinical Klectrocardiography—lIts Present 
Position and Possible Potentialities 


By Louis N. Karz, M.D. 


The present role of the eleetrocardiogram in clinieal medicine is discussed and its limitations as a 
diagnostic tool are pointed out. Its particular usefulness in the analysis of arrhythmias and the 
value of certain specific empirically derived patterns are discussed. The misuse of the term ‘uni- 
polar” is explained, the actual conditions present being only crude approximations of the assump- 
tions upon which the equilateral triangle theory rests. The role of multiple V chest leads and the 
aV limb leads in clinical electrocardiography is outlined. A brief explanation of stereovectoreardiog- 
raphy and the great promise it holds for the future is presented. 


T IS A privilege to have been asked to give 
the Louis Gross Memorial Lecture. It was 
my good fortune to know Dr. Louis Gross, 

one of the most brilliant cardiologists, whose 
vareer unfortunately was cut short in his prime. 
It is an honor to be included with the distin- 
guished lecturers who have preceded me. 

Dr. Harold Segall asked me to discuss in this 
lecture the present position of clinical electro- 
vardiography and its future potentialities. We 
are in a period of transition today just as in the 
1930’s. I recall a conversation with the late 
Sir Thomas Lewis in London in 1935 in which 
he informed me that he was giving up his 
studies on electrocardiography since ‘‘the cream 
had been skimmed off.” This was just about 
the time when the brilliant work of F. N. Wil- 
son and his associates and of C. C. Wolferth 
brought into clinical use the concept of chest 
electrocardiography which did much to revo- 
lutionize the clinical utility of the electrocardio- 
gram. Are we in a similar situation today in 
regard to the aV limb and the V chest leads, so 
often loosely called ‘‘unipolar” leads, or is this 
a false tangent which is occupying the minds 
of those who find the empiric approach to 
clinical electrocardiography unexciting? Before 
considering this matter, however, I should like 
to summarize the traditional position today of 
the electrocardiogram in clinical practice as an 
empiric tool assisting the clinician in the 
diagnosis, prognosis, and management of his 
patients." 


The 12th Louis Gross Memorial Lecture presented 
October 26th, 1949 at the Jewish General Hospital, 
Montreal, Canada. 


While I call this era an empiric one, this is 
not strictly correct because there is a rational 
background of theory concerning the factors 
contributing to the recording of the electro- 
‘ardiogram which permits the intelligent clini- 
cian to make reasonable judgments about. the 
source of the impulse, its manner of spread, the 
presence of injury effects and the derivation of 
several diagnostic criteria. This, however, does 
not nullify the fact that in the final analysis 
the electrocardiogram, like other clinical data, 
is interpreted empirically. It is as good as the 
judgment of the interpreter. If he lacks com- 
mon sense, if he reads too much into the record, 
if he fails to correlate the evidence from this 
aid in relation to the other clinical evidence, if 
he uses this record to confirm the prejudices 
which he has reached before taking the record, 
then it would have been best had the electro- 
‘-ardiogram been omitted. 

The position of the electrocardiogram in clini- 
‘al medicine can best be expressed by a simple 
colloquialism ‘So your electrocardiogram is ab- 
normal, so what!” It has been stated by C. b. 
Thomas that almost any kind of electrocardio- 
gram may be normal in a person under 30 years 
of age. When a person reaches the age of three 
score and ten or more, almost any sort of elec- 
trocardiogram may be considered normal in 
the sense that change may be merely a part of 
the aging process. I wish to emphasize these 
facts because people forget that an isolated 
abnormal electrocardiogram does not inevital ly 
indicate organic heart disease. It may im} 'yY 
some temporarily disturbed function such as in 
the innervation or hormonal control of tie 
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rt, ccnstituting part of the picture of psy- 
somatic disturbances—and this may ac- 
lly have been engendered by fear or excite- 
\-nt associated with the taking of the record. 
‘ven an abnormal electrocardiogram asso- 
‘ed with organic heart disease may be benign 
cult, requiring no alteration in the manner 
4 ‘iving of the patient. The abnormal electro- 
 diogram is less important than the cireum- 
st. nees under which it occurs. Taking an elec- 
trocardiogram does not absolve the clinician 
from also using sound clinical judgment. Con- 
tririwise, a normal electrocardiogram is no 
guarantee that the heart is normal. The elec- 
trocardiogram is only part of the clinical 
exumination, an important adjuvant which 
should never be omitted in a cardiac patient or 
in a person in the coronary age group. Under 
such circumstances it serves as a scanning test 
possibly throwing out hints to the alert clini- 
cian to examine his patient more carefully in 
certain directions.**: #7 + 5! 

Iixperience has shown that the clinical util- 
ity of the electrocardiogram depends upon the 
information it gives about several of the physio- 
logic properties of the heart, including its 
irritability, rhythmicity and conductivity? *; 
it furnishes no information concerning the con- 
tractile power of the heart or its tone except 
that which experience has shown are associated 
with certain types of electrocardiographic 
changes. 

The electrocardiogram is the final authority 
in unravelling the rhythms of the heart. It can 
tell where each impulse arises and how it 
spreads. Of course, as is true of the necropsy, 
the electrocardiogram may occasionally fail to 

ive a completely satisfactory solution, For ex- 
nple, paroxysmal tachycardia cecurs more 
ien at the bedside than in electrocardio- 

phic files because the attack may be over 

‘ore the record is obtained. Sometimes the 

tical history may be more helpful in distin- 

shing the nature of rapid heart action, as in 

‘erentiating sinus tachycardia and paroxys- 

| supraventricular tachyeardia. Even with 

h limitations, the electrocardiogram can be 

isidered the “living autopsy” for the diag- 

vsis of eardiae arrhythmias. 

!t is important to diagnose the nature of ar- 


thythmias. For example, the significance of 
each of the three commonest arrhythmias, si- 
nus arrhythmia, premature systoles and auricu- 
lar fibrillation, is quite different.‘ Sinus ar- 
rhythmia is a normal phenomenon although 
sometimes encountered in disease of the heart. 
Premature systoles occur occasionally in every- 
one, but when frequent, when from multiple 
foci, when causing bigeminal rhythm or occur- 
ring in pairs, they are usually associated with 
disease of the heart, with abnormalities of the 
patient or with some toxic drug action. Au- 
ricular fibrillation may occasionally occur in 
paroxysmal form in otherwise normal individ- 
uals but in most instances it is indicative of 
abnormality in the patient or disease of the 
heart. It is not always easy to distinguish be- 
tween these and other less common arrhyth- 
mias at the bedside. Hence the electrocardio- 
gram, the court of final appeal, is all important 
in this connection. 

Certain conduction disturbances are almost 
exclusively an electrocardiographic diagnosis, 
viz. first degree A-V block, intraventricular 
block, electrical alternans and the Wolff-Park- 
inson-White syndrome.*t The recognition of 
these conditions has important clinical implica- 
tions. The electrocardiogram, therefore, has 
contributed to the clinical evaluation in this 
sense. One must recognize conduction disturb- 
ances which arise because of the normal refrac- 
toriness following stimulation which lasts about 
as long as systole and prevents stimulation of 
the involved heart area by another impulse 
coming at this time.’ The normal refractory 
state may thus lead to interference, dissocia- 
tion, aberrant conduction and even complex 
arrhythmias, all part of the normal physiology 
of the heart. These conditions must be sharply 
distinguished from disease of the heart that 
leads to prolongation of the refractory state, to 
abnormal depression of conduction and to 
block. Failure to distinguish between the nor- 
mal and abnormal refractory phase and their 
consequences has led to improper reading of the 
electrocardiogram with resulting harm to the 
patient. 

The second item of great value to be derived 
from the electrocardiogram depends on the 
analysis of its contour. Contour changes may 
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be non-specific or may fall into one or another 
specific pattern. 12, 25, 28-31, 34-37, 39, 40, 43, 44, 46- 
48, 51, 52, 58 These patterns, like specific clinical 
syndromes, have largely arisen on an empiric 
basis. One should recognize the more important 
patterns and their variations, and should real- 
ize that specific patterns are not always diag- 
nostic of specific conditions since they may be 
imitated by unrelated circumstances. Contrari- 
wise, the conditions which can give rise to 
specific patterns do not always do so. Thus, the 
proper use of electrocardiographic contour as 
a clinical aid depends upon broad experience, 
and by experience I do not mean the dogmatism 
of the expert who, over many years, has failed 
to recognize his errors. It is my firm conviction 
that the proper recognition of specific electro- 
cardiographic patterns and the circumstances 
under which they occur will more than repay 
the clinician for the effort involved. 

Before briefly discussing a few patterns, it is 
important to emphasize that the degree of elec- 
trocardiographic abnormality is not necessarily 
related to the amount of damage in the heart. 
The very nature of the heart’s electrical prop- 
erties permits opportunistic minor lesions to 
distort the electrocardiographic contour tre- 
mendously; in other instances more important 
and more extensive lesions may affect the elec- 
trocardiogram little if at all. The greatest value 
of the chest leads has been their ability to ex- 
plore certain areas of the heart which have 
little or no effect on the ordinary limb leads. 
But even with all available leads one cannot 
quantitatively correlate the extent of abnormal- 
ity in the heart with that in the electrocardio- 
gram. Furthermore, it is difficult to judge the 
nature of the process affecting the heart except 
from certain specific patterns or to tell from 
the electrocardiogram alone whether the dam- 
age to the heart is permanent or evanescent, 
congenital or acquired, functional or organic, 
or whether it is hypoxic, ischemic, nutritive, in- 
flammatory or degenerative. It is for this rea- 
son that I refuse to say that an abnormal 
electrocardiogram, per se, always indicates 
heart damage. The electrocardiogram can only 
provide the interpreter with the fact that, on 
the basis of experience, the record is within 
normal limits, probably within normal limits, 


on the borderline, probably abnormal, or defi- 
nitely abnormal. The significance of this julg- 
ment, as far as damage to the heart is eon- 
cerned, will depend upon the entire clinical 
survey. 

Time does not permit an adequate discuss on 
of the specific patterns, but I cannot resist ‘he 
temptation to consider a few highlights.“ ‘1 he 
P-pulmonale pattern may occur in chronic ‘or 
pulmonale, or in perfectly normal hearts w th 
a pendulous position. The mitral P wave is 
usually encountered in rheumatic mitral ste:\o- 
sis and is suggestive of impending auricular 
fibrillation, but may sometimes occur in other 
circumstances. The presence of the mitral P 
wave and of P-pulmonale helps to reveal that 
the causative lesion has led to dynamically im- 
portant changes in the heart. 

This contribution is even more significant in 
the case of ventricular strain. Thus, for exam- 
ple, there is considerable difference in finding 
hypertension associated with or without ven- 
tricular strain since in the former one can feel 
assured that the hypertension has caused clini- 
cally significant strain of the heart. Ofttimes, 
physical findings and x-ray findings may not 
be revealing when the electrocardiogram sug- 
gests that the hypertension has caused hyper- 
tensive heart disease. 

In the case of valvular deformities, the elec- 
trocardiographic evidence of ventricular strain 
may distinguish those valvular diseases which 
are purely acoustic from the more serious ones 
which have led to dynamic disturbances caus- 
ing strain of the heart. It is well known that in 
the case of valve regurgitation, other things 
being equal, the smaller the leak the noisier the 
murmur. Consequently, judgment of the seri- 
ousness of a valvular regurgitation based only 
on the murmur it creates may be deceptive. 

Certain patterns are diagnostic, including 
the retrograde P pattern in A-V nodal rhythm, 
the mirror image dextrocardia pattern, the p:t- 
terns indicative of acute diffuse pericardiis 
and of acute cor pulmonale, and the larze 
diphasic QRS pattern seen in congenital heart 
disease. The importance of the electrocard:0- 
gram in the diagnosis of the variety of congei'i- 
tal heart disease present is gratifying in view of 
the growing value of surgery. 
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if all the patterns, however, by far the most 

vortant is that of the coronary group. The 
be ic cause of these QRS-T contours is the 
in ury effects occurring during the various 
pl ises of the heart cycle. Persistence of some 
of ‘hese changes may be due to the opening of 
a ‘window,” the result of necrosis of heart 
muscle with replacement by scar tissue. De- 
pending upon the direction of change in various 
leads, one can distinguish between posterior, 
anterior, lateral and septal wall involvement, 
and their combinations. From the character of 
the time course in seriatim records, one can 
distinguish between the transitory, the pro- 
tracted and the chronic types of coronary in- 
sufficiency. Transient coronary insufficiency 
gives rise to the clinical condition of angina 
pectoris. The protracted coronary insufficiency, 
which leads to acute myocardial infarction, in 
most instances is due to acute coronary oc- 
clusion, particularly thrombosis. Chronic coro- 
nary insufficiency, which may be benign and 
nonprogressive or more malignant and prog es- 
sive in character, is most commonly due to 
coronary arteriosclerosis. 

It is common knowledge that the physical 
examination often is unsatisfactory in coronary 
disease and too often the history also may be 
unreliable and colored by the patient’s tem- 
perament and motives. The electrocardiogram 
has thus become so important in this common 
form of heart disease. The electrocardiogram 
has contributed to the earlier and more accu- 
rate diagnosis of coronary heart disease. In 
short, our ability to recognize the earlier and 
milder forms of coronary disease has changed 
our concepts of the range of severity of this 
group of diseases. 

We have become so conscious of coronary 
disease that there is a tendency to read into a 
c:se evidence of coronary disease which may 

«t be justified, and this error often is aggra- 
ted by similar misreading of the electrocar- 
l.ogram. A rule that I have found extremely 

‘ful is that “not everything coronary 7s coro- 

ry.” The contrary fact is also true, namely, 
‘at clinically significant coronary disease may 

present when the electrocardiogram is nor- 

il or shows abnormalities of a nonspecific 

.aracter. 


It is because of this last cireumstance that 
two tests have been developed as an adjuvant 
for clinical and electrocardiographic diagnosis, 
namely, the anoxemia and the exercise tests 
for coronary insufficiency.! : “> 5°. © Earlier ex- 
periences with anoxemia have left me with the 
definite impression that it is much too hazard- 
ous a test to be used clinically, despite its 
ardent advocates. We employ the exercise test. 
In this test we have insisted that a physician 
perform it and only when the evidence clini- 
cally or electrocardiographically is inadequate 
for the diagnosis of coronary insufficiency, that 
the test be stopped whenever the patient de- 
velops pain or any other disability, that the 
records be taken not only immediately after the 
exercise but also a few minutes later, that the 
judgment of the test be based both upon the 
quantitation of the S-T deviations produced 
and upon the change in contour of the ST-T 
segment, and that the test be run with a metro- 
nome against definite standards. We have em- 
ployed those standards established by Master 
upon his stair and we have used the double 
speed test. In our hands, this test has been of 
value in that a positive result has suggested 
coronary disease of clinical significance. A nega- 
tive test, of course, does not exclude this possi- 
bility. We have not encountered any false 
positives even in cases of anxiety neurosis and 
the like, although others have claimed to have 
obtained them. 

I believe that what I have stated so far 
should convince you that when properly em- 
ployed the electrocardiogram has value in diag- 
nosis and in prognosis. With a proper diagnosis 
the most important element for proper manage- 
ment is established. But the electrocardiogram 
may be of value also in following the manage- 
ment and therapy. From the residue of abnor- 
malities remaining, as well as from other evi- 
dence, the amount of permanent damage after 
myocardial infarction and after acute rheu- 
matic fever may be determined and manage- 
ment of the case thereafter planned accord- 
ingly. The electrocardiogram is useful in 
following the conversion of ectopic rhythms to 
sinus rhythm. 

Digitalis is a commonly employed drug and 
a check upon its use may come from the elec- 
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trocardiogram not only by virtue of the charac- 
teristic digitalis pattern which it produces but 
also by its aid in establishing the character of 
the arrhythmias which digitalis intoxication 
may engender. Certain arrhythmias are signs 
of excess and are indications to stop or decrease 
its use, viz. frequent ventricular premature 
systoles of multiple origin, bigeminal rhythm, 
paroxysmal ventricular tachyeardia, S-A block 
and advanced A-V heart block. This is not 
true of the digitalis ST-T contour with its asso- 
ciated abbreviated electrical systole, which may 
occur sometimes even with doses of digitalis 
below therapeutic levels. The digitalis contour 
should be considered a caution sign, not a stop 
sign. 

The electrocardiogram may be of value in 
disclosing the inadvertent removal of too much 
parathyroid during thyroidectomy by a pro- 
longation of the electrical systole. Certain char- 
acteristic T-wave changes and conduction dis- 
turbances may help to warn the clinician 
employing quinidine that he is beginning to 
tread on dangerous ground. The value of the 
electrocardiogram is established in determining 
high and low blood potassium and low blood 
calcium values in various conditions. 

In summary, we find that the electrocardio- 
gram is a valuable adjunct which cannot be 
overlooked, but its value depends upon its 
being read and correlated properly: neither 
underemphasized nor overstressed. It gives in- 
formation not available from other clinical 
sources. 

Unlike previous years, we cannot end the 
story at this point. A certain trend, a certain 
ferment, is in our midst which is upsetting even 
the most stable of us in this field. It had its 
beginnings even before the late war. With the 
advent of the war and the free employment of 
electrocardiography among masses of normal 
young people, the mass of normal data has 
broadened tremendously. So has the number 
of serious students in the field of electrocardiog- 
raphy, but many do not have the traditional 
background of my generation. As a consequence 
there has been a chift of emphasis in electro- 
cardiography, and an urge among some who 
are poorly versed in mathematical theory and 
physics, to view the electrocardiogram as a 


method which, with certain assumptions, «an 
precisely reveal facts based scientifically on 
physical laws of electricity. The consequeice 
has been loose talk about unipolar leads wh ich 
are really not unipolar and of elaborate mai he- 
matical formulation too often unsound, the 
assumptions which form their basis having } » 
forgotten. Now we must stop and take sti 
We must sift the grain from the chaff. Ther» i; 
much truth in the new developments but 
revolution may not be as far reaching as si 
would have us believe. I should like briefly 
review the theory of the electrocardiogram 
discuss the merits of the newer leads and 
peer with you into the crystal of the future. 
In considering the theory of the electrocar- 
diogram, the subject naturally divides itself 
into two parts®: ®:*. ". 4: the creation of eleec- 
tric currents by the heart and the manner in 
which the currents spread through the body. 
Currents are generated in the heart because 
the resting polarized state of its cell surfaces 
is destroyed nonsimultaneously when the heart 
is activated. If the heart were activated to an 
equal extent simultaneously throughout its 
mass, no electric currents would be generated. 
It is asynchronism of activation that gives rise 
to the electric currents. While interfaces within 
the heart muscle doubtless may be electrically 
polarized, and while other electrical properties 
such as resistance; impedance, capacitance and 


: inductance are altered when the-heart is stimu- 


lated, these facts may be ignored without seri- 
ous error for the purposes in hand, and atten- 
tion may be concentrated on the state of 
electrical polarization of the surface of the cells. 
Furthermore, whatever conclusions may be de- 
rived on histological grounds regarding the 
multiplicity of cells within the auricles and 
ventricles, the facts from the point of view of 
electric currents are most clearly revealed on 
the likely hypothesis that the heart consists of 
two cells, both syncytial: the one constituting 
the auricles, the other the ventricles. 

These two complex syncytial cells do sot 
completely enclose the cavity of the auricles or 
ventricles. They are incomplete due to the \-V 
junction. This is of importance in understand- 
ing the genesis of the electrocardiogram, siice 
it leads to unbalancing of the electrical forces 
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wl ich otherwise would not occur if the heart 
ca ities were completely enclosed by these two 
sy..cytial cells. Were the latter the case and 
woe the impulse to start in the exact center 
of cach respective septum and spread at a uni- 
form rate throughout each of the two cells and 
were the thickness of the outer walls the same, 
then no currents would appear outside the heart 
ev n though the stimulation were asyn- 
chvonous. The fact that the floor of the auricles 
and the roof of the ventricles are free of muscle 
therefore is an important factor in the spread 
of the electrical currents to the body. So is the 
fact that the left ventricle has a thicker outer 
wall than the right. 
he electrical activity of each of the two syn- 
cytial cells includes two asynchronous active 
processes: the one being stimulation, the other 
restitution. Stimulation is a period of depolari- 
zation which changes the two cells from a polar- 
ized to a depolarized state. Restitution is a 
period of repolarization which restores the depo- 
larized cells to their polarized state. Two factors 
determine the asynchronism occurring during 
repolarization: (a) the topography of stimula- 
tion and (b) the unequal duration of electrical 
activity in the various fractions of the heart. 
EXmpirically a normal relationship has been 
established between the topography of activa- 
tion and that of restitution of the ventricles and 
this holds for changes in ST-T with various nor- 
mal QRS contours. The relationship between 
the QRS and ST-T complexes constitutes the 
ventricular gradient which attempts to define 
the influence of activation upon recovery in a 
quantitative fashion so as to reveal whether 
‘-hanges in the ST-T complex are to be ascribed 
' alterations in the pattern of activation or 
‘ur independently of it. On the basis of ex- 
rience, Ashman has determined the normal 
vnge of the ventricular gradient considered as 
vector. A recent survey in my department 
s shown that the empirical correlation of res- 
| ution with activation of the ventricles, on the 
) sis of inspection of the initial and final de- 
‘tion of the electrocardiogram, coincided 
« asonably well with the more exact but more 
ine-consuming analysis by means of calcula- 
i n of the ventricular gradient.®® In short, with 
‘perience one can obtain an idea of how much 


of the deformity of the final ventricular deflec- 
tion is to be expected as the result of alteration 
in the spread of the impulse and how much is 
due to unrelated effects. Except as a check, 
from time to time, on the skill of the electro- 
cardiographer I see no need to use the ventric- 
ular gradient in clinical electrocardiography. 

As I have mentioned before, the heart, elec- 
trically speaking, consists of two complex syn- 
cytial cells. These are incompletely separated 
by the connective tissue in the A-V junction; 
the His-Tawara system constitutes the connect- 
ing link between them. In some instances there 
may be, in addition, a congenital anomaly vari- 
ously located, consisting of a rapid bypass 
which results in the Wolff-Parkinson-White 
syndrome. The His-Tawara system is not 
neurogenic, it is muscular. It is not embryonic, 
it is neomorphic and specialized. 

Besides the electric currents created by the 
asynchronous depolarization and repolarization 
of the auricular and the ventricular syncytial 
cells, two other causes exist for the develop- 
ment of electrical currents in the heart. The 
first is the after-potentials, such as occur in 
nerves, which explains the U wave.** The other 
is the result of injury effects.!: *: “:°? It is im- 
portant to understand the genesis of injury ef- 
fects since they form the basis of certain pat- 
terns, in particular of the coronary contours. 
There are a number of reasons for the devel- 
opment of injury effects. First, whenever part 
of the heart fails to respond because it is dead 
or replaced by scar tissue, it operates as if a new 
window had been created in the wall of the 
heart; the result being that the summation of the 
currents during activation and restitution are, 
altered. Far more important, however, are actual 
injury effects that arise from the presence of in- 
jury to part of the living syncytial cell. These 
ensue under four sets of circumstances. First, the 
process of activation in the injured region may 
be retarded, causing an injury effect of depolari- 
zation which leads in the case of the ventricles 
to focal prolongation of the QRS complex. Sec- 
ond, the process of recovery may be retarded 
in the injured region causing an injury current 
of repolarization which leads in the case of the 
ventricles to the so-called characteristic coro- 
nary T wave with its peaked top, its symmetri- 
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cal limbs and its “soft shoulders.” This is a 
common finding clinically and represents a mild 
form of injury. Third, the injured region may 
be partially or completely depolarized. This will 
give rise to injury currents of rest because when 
the uninjured region is fully polarized, the lack 
of this same state in the injured area will lead 
to potential differences; in the case of the ven- 
tricles it will result in a deviation of the T-P 
segment. Fourth, the injured region may be 
completely polarized but partially or com- 
pletely unresponsive. This will give rise to 
injury currents of activity because when the 
uninjured region has been completely depolar- 
ized the unresponsive injured area will retain 
its electrical polarity, setting up potential dif- 
ferences; in the case of the ventricles it will 
cause deviations of the S-T segment. It is of 
course possible that various combinations of 
these four circumstances may occur simultane- 
ously to varying degrees. 

Finally, knowledge regarding the genesis of 
the electric currents by the heart requires some 
understanding, at least in broad terms, of the 
topography of the spread of the impulse 
through the heart. It is generally recognized 
that the impulse ordinarily arises in the sinus 
node and travels in general through the auricu- 
lar syncytium to the left, caudad and ventrad, 
inscribing the P wave. 

The situation in the case of the ventricular 
syncytium is more complex.*: “:“ The impulse 
begins to invade the ventricular muscle in the 
septum, starting about one-fourth of the way 
down from the A-V junction, half way between 
the anterior and posterior interventricular 
grooves and closer to the left than the right 
ventricular cavity. From this starting point, it 
spreads radially in all directions. Being closer 
to the left than to the right cavity, it quickly 
reaches the former, so that the spread from left 
to right soon is not balanced by a spread from 
right to left. Next, the impulse wave front 
reaches the base of the septum at the A-V junc- 
tion so that the spread towards the apex is not 
balanced by one towards the base. Thus in the 
first two stages, the unbalanced spread of the 
impulse front is at first from left to right across 
the septum and later down the septum from 
base to apex. 


Eventually the impulse front reaches the an- 
terior and posterior interventricular grocves 
somewhat nearer the base than the apex, and 
begins to spread from here simultaneously «ver 
the outer walls of the right and left ventricles 
in four wave fronts. These tend to neutr: lize 
each other except that they reach the |ase 
sooner than the apex, leaving the front mo: ing 
towards the apex continuously unbalan :ed. 
Thus in the third stage, the unbalanced sp: ead 
is down the outer walls from base to apex 

Two other factors begin to operate al out 
this time and continue until stimulation is over, 
which further complicates the picture. The ‘irst 
factor is that in any given region of the outer 
wall of the ventricles, the subendocardium is 
activated before the subepicardium. There is, 
as a consequence, another direction to the wave 
front spread, one that radiates out from each 
ventricular cavity. The net effect of this exten- 
sive wave front spread would be an unbalanced 
spread up the outer walls from apex to base. 
This would at first neutralize the unbalanced 
spread toward the apex more and more, and 
would become the dominant direction of un- 
balanced spread as soon as the apical region 
of the heart was completely activated. The 
stimulation of the apex is completed before the 
base because the distance to the former from 
the starting point in the septum is shorter than 
that to parts of the base of the lateral wall of 
the ventricles. The second factor is that the 
left ventricle is thicker than the right. On the 
assumption of equal rate of spread, this would 
cause delay in the impulse reaching the outer 
surface of the left ventricle as compared to 
homologous points on the right ventricle. Actu- 
ally the difference in arrival at homologous sur- 
face points is not too great because the impulse 
appears to spread out radially in the outer wall 
of the left ventricle and at an oblique angle 
pointed toward the base in the outer wal! of 
the right ventricle. Because the wave front 
through the outer wall of the right ventricle 
spreads less to the right than the simultancous 
wave front through the outer wall of the left 
ventricle spreads to the left, the spread to the 
left of the latter will give rise to a domi: ant 
leftward unbalanced element of spread of the 
wave front at this stage. In the fourth st: ge, 
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therfore, both of these factors would add an 
unb ilanced spread over the outer walls of the 
yen ricles from apex to base and from right to 
left. The QRS complex depends primarily upon 
the unbalanced wave fronts just outlined in 
the ‘our stages of activation. 

The genesis of the electric currents by the 
heat is only part of the picture. The rest comes 
fron. the fact that the heart lies within a solid 
con luetor which has the shape of the torso, the 
four limbs and the head and neck having prac- 
tically no influence. The flow of the electric 
currents generated by the heart through this 
solid conductor is complicated. I would like 
to develop the subject first in its simplest terms, 
as has been done by the Wilson school, by mak- 
ing certain assumptions, and then later to test 
their validity against the actual circumstances 
existing in the human body.” 

If we assume that the torso is a sphere of 
homogeneous conducting ability of infinite size 
or at least of very large finite size, that the 
heart is in its center and is considerably smaller, 
approaching the equivalent of a point, then 
certain simple physical laws can be developed 
regarding the flow of electricity, as have been 
worked out by physicists. Furthermore, if we 
assume that the junctions with the torso of the 
three extremities, the left arm, right arm and 
left leg, form the apices of an equilateral tri- 
angle, then the laws that Einthoven enunciated 
would apply. Now both Einthoven and Wilson 
recognized the limits of these laws as applied 
to electrocardiography; their disciples have 
sometimes been less careful. In such a theoreti- 
cal scheme, the impulse wave front can be syn- 
thesized from moment to moment in the heart 
cycle into a resultant three dimensional vector. 
This stereovectorcardiogram can be analyzed 
to determine the magnitude of the deflection 
ob ained in the ordinary (Einthoven) limb leads 
an, for that matter, in any other lead. If this 
sta‘e of affairs existed and the proper indifferent 
ele‘trode could be obtained, then truly unipolar 
leals could be recorded from the extremities 
an | from the rest of the surface of the body. 

‘’nder such an idealized state, the exploring 
electrode could be considered as an eye looking 
at the miniature heart from one vantage point 
(fi:. 1). The eye located in the left arm would 


view the translucent heart from a different as- 
pect than one in the right arm, in the left leg, 
or in different places over the precordium. Un- 
der such circumstances, the law of the solid 
angle would hold precisely. The effect of each 
area of junction between polarized and depolar- 
ized regions of the syncytial cell—say that of 
the ventricles, and regardless of whether it were 
due to the depolarization process, to the re- 
polarization process or to injury—would influ- 
ence what the eye saw according to several 
laws. These would be: (1) the magnitude of the 


Fic. 1. Diagrammatic representation of the heart 
to show the ‘‘view” of the heart obtained by an eye 
placed in the right arm (upper left), left arm (upper 
right) and left leg (lower right). From the center of 
the pupil of each eye to the heart is shown the solid 
angle of the “‘view.’’ Discussed in text. 


potential difference across the theoretical sur- 
face, (2) the orientation of the positive and 
negative poles on this theoretical surface, (3) 
the area enclosed by the theoretical surface’s 
perimeter, (4) the inverse of the square of the 
distance from the center of the theoretical sur- 
face to the eye, and (5) the angle by which the 
eye was removed from the normal to the plane 
of the theoretical surface. The eye would syn- 
thesize what it saw of all the theoretical surfaces 
existing in the heart at the moment according 
to these laws, and reflect a simple image that 
we call the potential of the spot where the eye 
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is located. This is the principle of the unipolar 
lead and valuable information would be added 
by such leads were all the assumptions precisely 
true. It is obvious that“binocular” vision is a 
synthesis of two ‘monocular’ images in the 
framework of experience. With inexperience, 
one might get confused in interpreting ‘‘binocu- 
lar’’ vision. 

To continue our analogy: unfortunately the 
medium between the hypothetical eye and the 
heart is not entirely transparent. Many factors 
contribute to cause distortion of the actual true 
image so that in the end the ‘‘monocular’’ view 
is like the image obtained by looking obliquely 
from above the surface of water at an object 
submerged beneath it, with the added complica- 
tions that uneven waves are constantly rippling 
the surface and that the water is somewhat 
opaque. As all of you know, the visual image 
seen under these circumstances is a caricature 
of the real object below the surface of the water. 
What are some of these disturbing factors in 
the case of the heart’s electric currents flowing 
in the body? First of all I must admit that 
practical experience shows that, despite their 
presence, some reasonable semblance of the true 
state of affairs can be obtained. The only thing 
that continues to annoy me is the failure of 
some protagonists to recognize the presence of 
these distortions and the tendency for them to 
accept the image which they see with their 
“monocular” leads as being the reality itself. 

Reality is different from the ideal in several 
respects. First, the torso is not a large finite 
sphere but is ovoid or egg-shaped and not ex- 
cessively larger than the heart. The eye in each 
extremity therefore gets a close view of the 
heart and finds it far from a point, and conse- 
quently all regions of the heart are not in one 
plane as theory demands. The eye is closer to 
certain parts than to others, and reports of the 
electrical architecture of the heart are thereby 
distorted. 

Second, the solid conductor is not homo- 
genous but, as work in my department has 
clearly shown, is heterogeneous. 4:!4:?0.?!.2,44,49 
Some parts conduct electricity well and others 
poorly, and this pertains especially to the solid 
conductor adjacent to the heart. For example, 
the lungs are poor conductors approaching a 


dielectric, and the liver and posterior muscle 
mass are excellent ones. As a consequence, 
what the eye will see will be distorted on this 
account. It will see those regions adjacent to 
good conductors better than those against poor 
ones. 

Third, the heart is not in the center of ‘he 
torso as the theory demands but is closer to 
the arms than to the legs and closer to the front 
of the chest than to the back. This too vill 
alter what each eye will see. 

Finally, the Einthoven standard three linibs 
used to record the electrocardiogram do jot 
constitute, at their junction with the torso, an 
equilateral triangle: far from it. In some in- 
stances, as in the long and lanky individual, 
the triangle is more nearly a right angle tri- 
angle. Hence the Einthoven laws based on the 
equilateral triangle concept are only crude 
approximations. 

Is it any wonder then that there should be 
a testing of all these laws against actual experi- 
ence, and is it not fair to insist that the V leads 
and aV leads be known as such and not given 
the implication of exactitude which follows the 
use of the term unipolar for them? There are 
two ways by which the utility of these new 
leads may be ascertained. One is to test their 
actual degree of unipolarity, the other is to 
check their clinical value by the empiric 
approach. 

It can be shown readily that when an elec- 
trode is placed directly on the exposed heart and 
connected to a distant electrode, one is dealing 
with a unipolar lead in the sense that the ex- 
ploring electrode picks up so much more cur: 
rent from the heart than does the distant one 
that very little error arises in assuming that 
the distant one has no significant effect (fig. 2). 
This is particularly so for the recording of the 
electrical events directly under the exploring 
electrode—the so-called intrinsic effects. It is 
less true for electrical events elsewhere in the 
heart—the extrinsic effects. Under such circum- 
stances, little difference is found regardless of 
which location is used for the distant electro:e, 
and the difference obtained with such distant 
electrodes compared with the Wilson central 
terminal is practically negligible. 

When however the ordinary precordial less 
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ar used, it can be shown that the location of 
th: distant electrode exerts an influence because 
the exploring electrode is sufficiently removed 
fron the heart. We have recently found, for 
ex: mple, that in one out of twenty cases the 
C] lead is sufficiently different from the V 
chest lead to cause a significant difference in 
clinical interpretation." It is for that reason that 
we gave up CF leads in 1948 and are now em- 
ploying exclusively the V chest leads, in which, 
as vou know, the distant electrode is the central 
terminal of Wilson connected through five or 
ten thousand ohms to each of the three extremi- 
ties: left arm, right arm and left leg (fig. 3). 

This empiric judgment concerning the V chest 
leads was fortified by the results of a recent 
study in which we were able to show that, 
when men were immersed up to their mouths 
in aswimming pool, the Wilson central terminal 
in all of them was more nearly constant during 
the heart cycle than any other distant elec- 
trode.” However, we found that when the Wil- 
son central terminal was compared with a cen- 
tral terminal of a large external triangle which 
could be assumed to approach a true null elec- 
trode, the Wilson terminal showed fluctations 
of some tenths of a millivolt during the heart 
cycle. Thus, the Wilson central terminal is not 
a null electrode but one that approaches this 
state much better and more consistently than 
the other distant electrodes routinely employed 
(fig. 2). Consequently, it is, on the basis of 
actual trial, more suited as a distant electrode 
for chest leads than an electrode on an arm, 
leg or the back. 

The fact that the Wilson central terminal is 
not a null electrode makes the V limb leads 
non-unipolar. Since the overall deflection in 
the V limb leads are a matter of about 1 milli- 
voli during the inscription of QRS and much 
less than this for the other deflections, it is 
apparent that errors of about 0.2 millivolt intro- 
duced by the central terminal of Wilson will 
dis! ort the V limb leads significantly. This de- 
viaiion can be readily demonstrated by 
alg braically adding the sum of V,, Vp and 
\, Theoretically their sum should equal zero 
if ‘hey were truly unipolar leads in an equi- 
lat-ral triangle. Actually this is not true and 
ofien their sum is far removed from zero. It is 


thus not accurate to speak of them as unipolar 
leads. The use of the Goldberger modification, 


RELATIVE 
EMF 


' = 3 LA RA iL cT 

Fic. 2. Diagrammatic representation to illustrate 
relative electromotive force (shown in the diagram 
below) obtained by variously placed electrodes. / is 
an electrode directly on the exposed heart; 2 is one 
on the surface of the chest; 3 is one on the left arm. 
RA, LA, LL are electrodes on the right arm, left arm 
and left leg respectively. C is the central terminal 
of Wilson connected through 5000 ohms resistance to 
RA, LA, and LL. Discussed in text. 


Fic. 3. Diagrammatic representation showing the 
Wilson central terminal, the Goldberger modification 
for aV limb leads and the ‘‘modern’’ aV limb lead 
connection which avoids some of the defects of the 
Goldberger modification. Discussed in text. 


the aV limb leads, has merit in that the size of 
the deflections is increased one and a half fold, 
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but so is the influence of the distant lead. It 
has recently been shown, moreover, that the 
omission of the resistance in the connections 
from the limbs to the distant electrode, which 
Goldberger advocated, introduces another and 
significant error (fig. 3). Today it is recom- 
mended that when aV limb leads are taken the 
distant electrode have 5 to 10,000 ohms inter- 
posed between it and the two limbs connected 
to it. 

To recapitulate, while any distant electrode 
may be practically useful when taking leads 
directly from the heart, the Wilson central ter- 
minal, though not perfect, is the best distant 
electrode to employ in the case of the chest 
leads. Even the Wilson central terminal, or the 
two-limb modification for augmentation, is far 
from an ideal electrode in the case of the V or 
aV limb leads. The V limb or aV limb leads 
are, therefore, much less unipolar than the chest 
V leads; so much so that it is, in my opinion, 
improper to call them unipolar leads. The merit 
of the aV and V limb leads must rest therefore 
on their practical utility. 

Actual experience by Goldberger, Myers, and 
Sokolow, among others, has suggested certain 
definite clinical value for the aV limb leads. 
These we have recently been able to verify and 
amplify in our own experience in random sam- 
pling of over 1000 cases in the past two years. 
However, it must be pointed out that while 
extremely useful in these particular circum- 
stances, additional information derived from aV 
limb. leads not obtainable from the ordinary 
Einthoven limb leads or extensive chest lead 
exploration is found only in about 5 of every 
100 cases. It would appear that the aV limb 
leads are particularly useful in the following 
circumstances: 

(a) To help to distinguish between right 
heart strain and a normal right axis shift due 
to the position of the heart. The difficulty of 
diagnosing right heart strain in the electro- 
cardiogram is apparent. The aid offered by the 
chest leads, when enough of them are taken, 
has become obvious; but even so the aV limb 
leads do assist in the judgment in a significant 
number of instances. 

(b) High lateral wall infarcts of the left ven- 
tricle may be picked up in aV, when other 


ordinary and chest leads may fail to reveal 
them. The only other valuable lead under these 
circumstances would be a precordial lead in ‘he 
mid-axilla at the level of the second intercostal 
space. 

(c) In an oceasional instance, the aV li:ab 
leads may help to reveal whether a Q; is ‘ue 
to position or recent or remote myocardial in- 
farction or coronary insufficiency. However, 
even here one must expect some disappoat- 
ments as Pardee has just emphasized. 

(d) In isolated cases, the aV limb leads nay 
help to distinguish acute cor pulmonale fiom 
recent posterior wall infarction. 

(e) The aV limb leads may reveal evidejce 
of left heart strain, on occasion, before ii is 
apparent in the V chest leads or ordinary limb 
leads. 

(f) The aV limb leads may help to decide 
whether or not combined heart strain is pres- 
ent, and help to recognize left heart strain 
when the heart is vertical “electrically.” 

(g) Perhaps the most valuable utility of ihe 
aV limb leads has been in unraveling the influ- 
ence of the wide range of positions of the heart 
on the contour of the electrocardiogram. The 
five electrical positions enunciated by the Wil- 
son school, viz. the “electrically” horizontal 
heart, the semi-horizontal, the intermediate, 
the semi-vertical and the “electrically”’ vertical 
heart, are based on the appearance of the V 
or aV limb leads in relation to the V chest 
leads. This concept has helped to classify hearts 
electrocardiographically just as similar classifi- 
cations have been useful in x-ray and fluoros- 
copy. The correlation of these “electrical” 
positions with the actual position of the heart 
revealed by x-ray and fluoroscopic examination 
has been good in many, but not in all, instances. 
The poorest correlation has been found when 
focal heart disease is present or when the heart 
is markedly enlarged, but occasionally the cor- 
relation is poor even in normal hearts. It is to 
meet these exceptions that Wilson introduced 
the adjective electrical. I myself would pre‘er 
to call these five combinations Wilson’s com- 
bination I, II, III, IV and V since other ini!u- 
ences besides position of the heart contrib:ite 
to make these contours. 

Let us consider this briefly. The heart |:as 
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thee axes upon which it can shift (fig. 4). One 
js in axis running through the thorax from left 
to right which permits the heart’s apex to shift 
veatrad or dorsad. Another axis runs through 
th: chest from sternum to spine and permits 
the apex to shift to the right when the heart 
is »endulous or to the left when it is squat. The 
third is the long axis of the heart which runs 
from apex to base and permits the heart to 
roiate so that either the left or right ventricle 
becomes more ventrad. A composite of the posi- 
tion of the heart with respect to these three 
axes will help determine which of these Wilson 
contours the heart will approach, although the 
second is the most important. 

Besides the resultant position just discussed 
and overall shifts of the heart, four other fac- 
tors contribute in determining the electrical 
contour in the normal and therefore also in the 
abnormal heart.*® The first is the nature and ex- 
tent of the distribution of the good and poor 
electrical conductors in the conducting medium 
adjacent to the heart. The second is the shape 
of the heart (fig. 5): thus, the heart may be 
long and narrow or short and stocky with ob- 
vious alterations in the net direction of spread 
of the impulse in the ventricles. The third is 
the particular detailed anatomy of the conduct- 
ing tissues within the ventricles. The fourth is 
the rate and sequence of the spread of the 
impulse. These four circumstances will contri- 
bute as much as the position of the heart in 
determining the electrical pattern in the aV 
limb leads and will explain the otherwise in- 
explicable deviations of the “electrical” from 
the anatomical position encountered in the nor- 
mal heart. 

Jnfortunately, the conditions in which “elec- 
trical” position might be expected to be most 
vauable are often those in which it is most 
un eliable, namely the presence of injury cur- 
re) ts, of focal conduction disturbances and of 

iplex heart strains. At the present moment, 
th. greatest divergence of opinion concerning 
value of the “electrical’’ position of the 
rt is to be found under just such circum- 
-nees. I believe we must await the future to 
¢ ermine the extent to which we can rely upon 
called electrical position to account for the 

‘viations seen from expected standard pat- 


Fic. 4. Diagrammatic representation of the three 
axes upon which the heart can rotate. Top figure rep- 
resents rotation on the long axes of the heart running 
from the base (B) to apex (A); the clockwise and 
counter-clockwise rotation is indicated by the arrows. 
Middle figure represents rotation on the axis of the 
heart running from right (R) to left (Z); the arrows 
at the apex of the heart show the forward and back- 
ward movement of the apex possible on this axis. 
Lower figure represents rotation on the axis of the 
heart running from the spine (P) to sternum (A); the 
arrows at the apex of the heart show the leftward and 
rightward movement of the apex which make the 
heart squat or pendulous, respectively. Discussed in 
text. 


AVERAGE PENDULOUS 


Fic. 5. Diagrammatic representation to show the 
variation in the shape of the normal heart (in ex- 
aggerated form). 


terns. It is difficult to decide for the moment 
how much of these deviations from standard 
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patterns is caused by the combination of fac- 
tors which contribute to the determination of 
“electrical”’ position and how much is due to 
complex combinations, such as bilateral bundle 
branch block, bundle branch block with focal 
intraventricular block, heart strain and focal 
intraventricular block, combined heart strain, 
focal injury currents combined with heart strain 
or with block in the bundle branch system, etc. 
For myself, I view with suspicion the glib as- 
sumption which some of the more enthusiastic 
advocates of aV limb electrocardiography make, 
that all or even most of the deviations from the 
expected in abnormal electrocardiograms are to 
be attributed to peculiarities in the so-called 
electrical position of the heart. That ‘‘electri- 
cal’”’ position of the heart plays some role can- 
not be denied but the extent to which it does 
so remains yet to be determined by judicious 
empiric studies of these conditions. 

While the aV limb leads have clarified our 
thinking in certain regards, they have, in their 
turn, created new dilemmas. This is to be ex- 
pected with any modification in medicine. Old 
problems are solved, new ones are created. 

The value of the V chest leads is definitely 
established. The only question that remains is 
how many and which chest leads should be 
taken. Previously, we had been taking Vo, V4 
and V;, and judging their interpretation on em- 
piric criteria. Our recent survey in which we 
explored the chest from Vig to V; has con- 
vinced us that we should routinely use V; to 
V.« and we have been doing this for some time. 
By using these six chest leads we are in a bet- 
ter position to estimate the presence of chronic 
or acute coronary disease, or recent and remote 
infarction, and to determine ventricular strain 
patterns. The omission of V; and Vs, we have 
found in our recent experience, seriously de- 
tracts from the value of the chest leads. With 
these six chest leads, one is also able to evaluate 
rotations of the heart on its long axis as well as 
to judge, with the assistance of the aV limb 
leads, other shifts in the heart’s position. 

Under special circumstances, it may be neces- 
sary to take other chest leads than these six. 
For example, it may be necessary to take a 
chest lead high up in the left mid-axilla, over 
the xiphoid. or over the sixth or seventh inter- 


costal space in the left anterior or mid-axilla to 
help to detect small local myocardial infarets, 
Sometimes it may be necessary in heart strain 
and in bundle branch system block to take \- 
or Vsx or Van for diagnostic purposes, when 
marked rotation or displacement of the he: rt 
is present. When auricular deflections need jo 
be exaggerated and ventricular ones minimized, 
as in the diagnosis of auricular ectopic rhythin, 
it may be necessary to place electrodes in t\,e 
second or third intercostal space over or at tle 
margin of the sternum. 

The clinical utilization of esophageal ('%) 
leads may be questioned. Considering ithe 
amount of information to be procured as 
against the discomfort to the patient and ihe 
hazard of aggravating the cardiac status, partic- 
ularly in the presence of coronary disease, | 
strongly oppose the ordinary clinical use of 
esophageal leads. 

Recently considerable information has been 
obtained by the use of intracavity leads in 
which an exploring electrode has been placed 
in various positions within the cavities of the 
right or left heart in the experimental animal. 
More recently such intracavity leads have been 
used in man with the electrode in the cavity of 
the right heart, and even in the cavity of the 
left heart—a rather hazardous procedure. It is 
apparent without further ado that such intra- 
‘avity leads are not for current clinical use and 
I doubt very much if they will ever become a 
routine procedure. 

As I view the future of clinical electrocardiog- 
raphy, I can see in the immediate future a 
more precise and sharper definition of the exact 
value of these multiple newer leads in clinical 
practice, a judgment based on empiric cor- 
relation with established clinical cases and with 
necropsy checks. I can see the ardent protago- 
nists and antagonists compromising their view 
until, in the not too distant future, universal 
agreement will be obtained. However, I must 
admit my own prejudice by stating categori- 
‘ally that the aV limb leads will never add as 
much to clinical electrocardiography in the 
sense that the introduction of the chest leads 
did. 

AsI view the future of clinical electrocardicg- 
raphy, I see more clarification of the various 
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potterns now recognized, with a more accurate 
definition of the sub-varieties, the pitfalls in 
their diagnosis, and the more precise assay of 
the circumstances giving rise to them. New 
patterns will doubtlessly be discovered to help 
enhance clinical electrocardiography. The most 
inmediate advance I predict will come from 
the appreciation of combined heart strain pat- 
terns and of the varieties of patterns arising 
from congenital anomalies of the heart. The 
ability to define focal intraventricular block 
more precisely is also in the immediate future 
and its more common recognition will help to 
eliminate some puzzling contours. Of course, 
further clarification is in the offing regarding 
complex arrhythmias with the consequent ad- 
vancement of our knowledge of the clinical 
physiology of the heart. 

The “promised land”’ of the distant future is 
the stereovectorcardiogram. Already the begin- 
nings of the exploration have begun. The theo- 
retical background is established. Some of the 
limitations and practical difficulties are begin- 
ning to be understood. Let us see where we are 
going. 

As mentioned earlier, the electric currents 
created by the heart can be considered as vec- 
tors. Whether dealing from moment to moment 
during the heart cycle with each particular 
fragment of the heart or with the heart as a 
whole, it must be recognized that electricity 
created in a solid conductor, which the body 
is, will have quantity, sense (positive to nega- 
tive orientation) and direction. These are the 
attributes of a vector. The vectors of the vari- 
ous parts of the heart or the resultant of the 
entire heart will change constantly during the 
heart eyele. Since both the heart and the solid 
coiductor are three dimensional objects, it fol- 
lows that the changes in the vector during the 
heurt eyele can be expressed in three dimen- 

ions, and this is the stereovectorcardiogram. 
‘ve difficulties which remain are the practical 
es of obtaining a good stereovectorcardio- 
m. They arise from the imperfections of the 
ual conditions of the heart and the body in 
atrast to a theoretical idealized scheme, as 
discussed above. 


wo principles for obtaining a stereovector- 
cardiogram are possible. One’is by the estab- 


lishment of an equilateral tetrahedron with its 
apices on the body surface. The other is the 
establishment of a cube with its corners on the 
body surface. In either scheme, one can simul- 
taneously take three leads along the three edges 
coming off from one corner of the solid con- 
structed figure. These leads can then be regis- 
tered at the same time upon two cathode ray 
oscillographs in which the electron beam passes 
three sets of electrodes 120 degrees apart. These 
oscillographs are modifications of those used 
in television. Each lead is connected simultane- 
ously to a homologous pair of electrodes in 
each cathode tube. The electron beam striking 
the fluorescent surface of the cathode tubes 
would create a standing wave on each which 
could be photographed. By proper orientation 
of the electrode pairs in each cathode tube, the 
images from the two tubes would be sufficiently 
different so that when viewed in an old fa- 
shioned stereopticon, such as our parents used, 
the impression of three dimensions would be 
obtained. In this way three dimensional loops of 
the P wave, of the QRS complex and of the 
ST-T complex could be recorded which would 
express the fluctuations in direction and magni- 
tude of these electrical events in the heart 
cycle. By means of a circuit periodically affect- 
ing the intensity of the electron beam, progres- 
sive increases in the intensity of the moving 
fluorescent image with momentary interrup- 
tions could be created. In this way the direc- 
tion of the moment-to-moment shift of the 
stereopticon figure could be obtained from the 
arrow-like record, as well as the time sequence 
of inscription ‘of each part of the loops from 
the interruptions. With this arrangement every- 
thing needed for analysis of an integrated stere- 
opticon picture is available. 

By establishing patterns of various condi- 
tions of normality and abnormality, for sundry 
positions of the heart, for heart strains, for 
intraventricular blocks and for the specific pat- 
terns, a series of standard pictures of the con- 
tour of the electrocardiogram could be synthe- 
sized for the clinician for comparison against 
the record of an unknown patient. He could 
compare the stereopticon obtained on his pa- 
tient with the patterns established by experts 
based on experience and so in reality get the 
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benefits of the myriads of leads available 
without the necessity of actually using them 
all and learning their standards of normality 
and abnormality. Of course, experience will 
cause successive changes in the stereopticon 
standards employed until ultimately they be- 
come stereotyped. 

One failing of this method is that small focal 
changes like focal intraventricular blocks and 
focal injury currents may be “‘washed out” in 
such an integration. However, these could 
quickly be revealed by employing a moving 
electrode exploring the entire chest and con- 
nected to a Wilson central terminal. That such 
a moving electrode is feasible was shown re- 
cently in certain animal experiments by Heller- 
stein and myself.** 

The stereovectorcardiogram obtained would 
be a distorted picture of the stereovectorcardio- 
gram that the heart actually creates. It is better 
so because it will prevent the ultra-mathe- 
matically minded from giving the stereovec- 
toreardiogram more meaning than it has. No 
elaborate formulations involving trigonometry, 
calculus and the like will be required. No erudi- 
tion will need to be employed. The clinician 
will simply learn the appearance of classical 
patterns, knowing full well that they are de- 
rived on an empiric basis, and will match the 
records of his patients against the standards 
which will be given him. Obviously in such a 
simplified system, the memorizing of large 
quantities of data so necessary today in clinical 
electrocardiography will not be required. 

While I may seem to be facetious, actually 
I am serious in my belief that in stereovector- 
cardiography I see the handwriting of the fu- 
ture. Ordinary leads now so widely used will 
be employed only in special circumstances, as 
in the unraveling of the arrhythmias. Contour 
of the record will be integrated with the stere- 
ovectorcardiogram. Beginnings along these 
lines have already been made in North America 
and abroad. 

There is still a long way to go. Until this 
goal is reached, the task of the clinician will 
be to use routinely the least number of elec- 
trocardiographic leads which will give him the 
maximum empiric information for the diag- 


nosis, prognosis and management of his cases, 

In the use of multiple leads, as in other cireur- 

stances, the factor of diminishing returns ap- 

plies. Finally, regardless of the number of leads 

employed or the theoretical background applic d, 

ultimately the electrocardiogram is as good 

clinical practice as the person who uses a 

reads it. 
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Standardizing Factors in Electrocardiography 


By James A. Cronvicu, MS. Joun P. Conway, M.D. anp Grorce E. Burcu, M.D. 


Modifications in recorder standardization are required to correct inherent scalar differences among 
potential differences measured in a given electrocardiographic reference frame. In the frontal plane, 
agreement between the resultant vectors calculated from unipolar limb lead measurements and from 
standard lead measurements can be obtained by standardizing the galvanometer for recording the 
unipolar limb lead potentials at 1/3 em. per millivolt. A method for calculating this “standardiz- 
ing factor” and similar factors for other reference frames is presented and applied to calculations for 
the equilateral tetrahedron, the isosceles tetrahedron, and the cube. 


INTRODUCTION 


ECENT interest in spatial electro- 
‘ardiography and vectorcardiography 
has resulted in the introduction of 

several spatial coordinate reference frames. A 
convenient method for correlating the data 
obtained in any such frame seems desirable. 
Need for such correlation in the frontal plane 
was indicated with the introduction of unipolar 
limb leads' when corresponding vectors deter- 
mined from measurements with the unipolar 
limb leads and with the standard leads were 
found to differ in magnitude. To secure agree- 
ment, measurements from the unipolar limb 
leads had to be multiplied by the factor +/3 
or the galvanometer had to be standardized 
at 1/3 em. per millivolt for recording unipolar 
limb lead potentials. As proved by Hill,? this 
“standardizing factor” +/3 is required because 
the potential differences measured on the 
galvanometer are scalar quantities which are 
treated as vectors when added in the triaxial 
reference system. This difference between the 
sets of measurements is considered in Wilson’s 
method of vectorecardiography in the frontal 
plane? when the sensitivity of the central 
terminal-to-foot circuit (a unipolar limb lead) 
is made +/3 times that of the Lead I circuit. 
It is apparent that standardizing factors are 
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required in spatial electrocardiography and 
vectorcardiography also. 


In this paper two theorems are presented 
which facilitate calculation of standardizing 
factors for certain two- and three-dimensional 
frames whose boundary points represent elec- 
trode positions assumed to be equidistant 
electrically from the dipole of the heart. Appli- 
cation of these theorems to the calculation of 
standardizing factors for the Einthoven frontal 
plane and the equilateral tetrahedron is pre- 
sented in detail. 


THEOREMS 


I. The potential difference between two remote points 
coplanar with a dipole and equidistant from its center 
is proportional to the projected distance between these 
points on the axis of the dipole. 

Proof: Consider points A and B with coordinates 
21, yr, and a2, y2, respectively, both at distance r 
from the center of the dipole. It is assumed that the 
dipole of moment D lies along the z axis with its 
center at 0 and that r is much greater than the 
distance betweer the dipole charges (fig. 1). 

The following equations apply for the potentials 
produced by the dipole at points A and B: 


: KD KD x KD 
Ex. — ay cos 6, = =, aa a 
r “ 


72 r rs 
, (1) 
* Xo 
] 


where K is a proportionality constant. Therefore, 


: KD KD x» KD 
En = — cos = — + —- = — 
r 72 r r3 


D 
E, — Ep = a (x1 — 22) (2) 
r 


where (x, — 22) is the projected distance between 

the two points on the axis of the dipole. 
Discussion: If we consider two pairs of points 

L(xs, ys) and M(au4, ys), and R(zs5, ys) and S(xe, ys) 
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all at distance r from the center of the dipole with 
ys = ys and y; = ye, then L and M lie on one line 
parallel to the dipole and R and S lie on another line 
parallel to the dipole. 

By application of theorem I, 
BS Ev = Ew ="2(n— 2) =") LM) 


KD KD __ 
Exf— Es = Eps = — (2s — 16) = — -RS (4) 
rn 7 


8 (x, »Y2) 


will apply to potential differences with current 
flowing.) 

II. The potential at the junction of n equal impedances 
connected to n points in space is the algebraic averace 
of the potential of the n points. 

Proof: This is readily shown by application of an 
electrical network theorem of Millman.‘ Considr 
the circuit in figure 2. 

The points 1, 2, 3, 4,...N are at potentia's 
E,, E2, E;, Es,... Ey, respectively, with respect 19 
the reference point 0. By Millman’s theorem £,, t] e 


ROsy9 


“ 


~ AG) 
— 


Fic. 1. Dipole at O and several points equidistant from O in plane XY. 


where LM and RS are the distances between the 
respective points. Dividing equation 3 by equation 
4, we obtain 


Ez,m/Ers = LM/RS (5) 


In this case the same dipole produced potential 
differences E,y and Eps between two pairs of 
equally remote points. However, if LM is greater 
than RS, then FE,» is greater than Eps by the ratio 
LM/RS. If Ev is taken as the reference potential 
difference to determine the dipole moment, potential 
difference Ers must be multiplied by the factor 
LM/RS to make the measurements of potential 
difference alone indicate equal dipole moments. 
Consequently LM/RS is the standardizing factor 
which must be applied to Eps. Therefore, the stand- 
ardizing factor for potential differences between pairs 
f points equally remote from a dipole is inversely pro- 
portional to the distarces between the points. 

(Note: For simplicity the preceding analysis was 
made in electrostatics. However, if the conducting 
medium to which the analysis is applied is elec- 
trically homogeneous and isotropic, the same ratios 


potential of point C, the junction of the n 
impedances, is 


Ss 

I 
ime 
N|S 


iM 


S]= 


N= m= ZymoreZy=aZ 
then 


1 
yietht+ E+ ++ + Ey) 


E, = 
= 


Z 


_ Ext E+ Est ++ + Ey 
N 


Therefore, E. is the algebraic mean of the % 
potentials. 
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viscussion: This theorem is useful for those cases 
hich potential differences are measured between 
Wilson central terminal or similar balanced 
ral terminals and an exploring electrode. For 
particular reference frame and central terminal 
figuration selected, it facilitates the calculation 
he potential of the central terminal. However, if 
impedances between the central terminal and 
electrode positions on the body are unequal, the 
ential of the terminal is calculated by use of 
ation 6. 
\s a corollary of this theorem it should be noted 
t potential Z. cannot be greater than the maxi- 
iim potential of points 1, 2, 3, 4,...N. 


Fic. 2. Schematic diagram of a generalized central 
terminal derivation (Millman’s theorem). 


APPLICATIONS 


In the applications considered in this paper 
the following are assumed: 

i. The center of the dipole is electrically 
equidistant from the electrodes between which 
the potential differences are measured. 

2. The medium in which the dipole is im- 
mersed is electrically homogeneous and _ iso- 
tropic and infinite in extent. These assumptions 
are common to the Einthoven concept of elec- 
trocardiography in the frontal plane and are 
here applied to spatial vectorcardiography also. 

The mathematical procedure is simplified if 
the calculations for standardizing factor are 
based not on the ratio of the lengths of the 
vectors resulting from the different sets of 
measurements for a fixed dipole, but rather on 
the maximal potential differences which may 
be obtained in any one set if a given dipole is 
‘otated in all directions about its center. The 
eis are chosen so that all maximal possible 

idings in the set are equal. From theorem I 

ese maxima are obtained when the dipole 
ix parallel to the line connecting the electrode 

sitions in the coordinate frame. 


|. FRONTAL PLANE (Einthoven’s equilateral 
‘angle with Wilson’s central terminal. Dipole 
center of triangle. Figure 3) 


All resistors R; are equal. Therefore, from 
theorem I 


€r+ er, + er 
ec = oo : (8) 


Since the dipole lies in the frontal plane with 
its center coinciding with that of the triangle, 


er + en + er = 0. (9) 
Therefore, 


ec = 0. (10) 
In this case, the potential of the central ter- 
minal is zero. From the symmetric disposition 
of the equal positive and negative dipole 


R L 


F 


Fic. 3. Frontal plane with Wilson’s central termi- 
nal. 


charges about point O, the potential at point 
O is zero. The central terminal and the center 
of the dipole may be said to coincide elec- 
trically. If the dipole is parallel to RL, the 
potential difference between R and L, e;, will 
be maximal, and by theorem I 

= ~ -RL (ily 


® Cmax 


Similarly with the dipole parallel to FR, 


KD 
= — -FR 


-max 
r3 


and with the dipole parallel to LF, 
KD 
€3max = =a - LF (13) 
Since the sides of an equilateral triangle are 
equal, 
RL = LF = FR (14) 
and 


(15) 
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Therefore, if a dipole located at the center of 
the frontal plane is rotated in this plane, about 
its center, it will produce equal but, of course, 
not simultaneous maximal potential differences 
in each of the standard leads. 

As shown, O and C are both at zero potential. 
Therefore, by theorem I, if the dipole is di- 
rected along OR 

Colima, = €CRass = Chnax ™ ne -OR (16) 
Similarly, if the dipole is directed along OL 
or along OF 


KD 


€Pmax = OF (17) 


“Ene = ee OF 


IN ELECTROCARDIOGRAPHY 


Il. EQUILATERAL TETRAHEDRON 


Case I. (Central terminal formed by joining 
equal resistors R, to the four apices of the tcira- 
hedron. Dipole at center of tetrahedron. Fig. ‘a), 
—From theorem I, the maximal potential 
differences between pairs of apices R, L. F, 
and B are 


KD 


rn 


KD 


3 


RL; CLFinax = LF; ete. (19) 


€RLmax = 
r 


But all edges of the equilateral tetrahedron 
are equal, that is 


RL = LF = FR = RB = LB = FB 





Fic. 4. (a) Case I. Equilateral tetrahedron with central terminal derived from electrodes R, L, 
F, and B. (b) Case II. Equilateral tetrahedron with Wilson’s central terminal in frontal plane. 


The relations among the medians and the 
sides of an equilateral triangle are 

OR V3 = OLV/3 = OF V3 = RL =LF =FR (18) 
Therefore, 


€Rmax V3 = €hmax V3 = €Fimax V3 


= €1max m< 


2max = €3max - 
Consequently, although the maximal potential 
differences produced by a dipole as it rotates 
about the center of the frontal plane triangle 
are equal in the standard leads or in the uni- 
polar limb leads, the maximal potential differ- 
ence in the standard leads is greater by ~/3 
than that of the limb leads. If the standard 
leads are taken as reference, then the stand- 
ardizing factor to be applied to the unipolar 
lead measurements is 1/3 = 1.732, which is the 
ratio of the length of the side to the median of 
the equilateral triangle. 


Therefore, 

€RLmax = CLF max = €FRmax 

(21) 
= €RBmax = ELBmax = ©FBmax 

as the dipole is rotated in all directions about 
the center of the tetrahedron. 

Similarly, the maximal potentials at the 
apices are 


KD KD 


€Rmax = — > OR ; €Lmax - 7 , OL; 


(22) 


KD KD 
€Fmax = ~ x - OF > and CBmax = 3 -OB 


But all medians of the equilateral tetrahedron 
are equal, or 

OR = OL =OF =OB=r 23) 
Therefore, 


€Rmax = €Lmax sa CFmax = €Bmax 





JAMES A. CRONVICH, JOHN P. CONWAY, AND GEORGE E. BURCH 115 


Since points R, L, F, and B are symmetrically 
disposed with respect to the center of the 
dip le, 


€ert+e,+er+ es = 0 (25) 


for any direction of the dipole. Moreover, the 
res stors connecting C to R, L, F, and B are 
equal. Consequently, by theorem II, 


»= 0 (26) 


‘/he central terminal in this case is at zero 
potential for any direction of the dipole and 
may be said to coincide electrically with the 
center of the dipole. Hence 


Ccr = CR; €cL = @CL; Ccr = Cr; €ca = Cp. (27) 


As shown in appendix I, 


OR (24/2) = RL, ---, ete. 
3 
Therefore, 


€CRmax 2 _) = €CLlmax (2 /2) 
3 3 
= €CFmax 2 *) = €CBmax (2 ”) (29) 
3 3 


= €RLmax = CLFmax = CFRmax 
= CRBmax = CLBmax = €FBmax 


Consequently, if the measurements of potential 
differences between the apices of the tetra- 
hedron, corresponding to four electrode posi- 
tions, are taken as reference, the standardizing 
factor to be applied to the unipolar lead meas- 
urements is 2 5 = 1.627. 

Case II. (Wilson’s central terminal in the 
frontal plane. Dipole at the center of the tetra- 
hedron. Fig. 4b)—The same considerations as 
in case I apply to measurements between 
apices (between limb electrodes or between 
lim!) and back electrodes), but the stand- 
ardizing factors for measurements from the 
froutal plane central terminal to the limbs 
and back must be determined. 

‘he maximal potential difference between 
the central terminal and the back is obtained 
when the dipole lies along the median OB to 
the back. In this position the dipole is sym- 
me rically located with respect ‘to points R, 
L, nd F, that is, the distances between these 


points and the center of the dipole are equal, 
and the angles between the medians connecting 
these points to the dipole and the axis of the 
dipole are equal. Therefore, 


er = eh = er. (30) 


Since terminal C is connected to R, L, and F 
by three equal resistors, Ri, 


er+e,+ er 


3 er. (31) 


ec 


With the dipole in this position, according to 
theorem I, 


K 
Cra = aA B, (32) 


where A is the midpoint of the frontal plane 
and AB is the projection of RB on the axis of 
the dipole. But C and R are at the same po- 
tential; therefore, 


CCBmax = @RB = 3 -AB. (33) 


Maximal potential difference between R and 
B is obtained when the dipole is parallel to RB. 
As shown in appendix I, 


AB i = BB. (39) 
2 
Therefore, 


3 
€CBmax 2 = €RBmax = CRLmax = €LFmax = @FRmax (39) 


ete. 


and the standardizing factor to be applied to 
the central terminal-to-back measurements is 


4/* = 1.225. 


Now consider the potential differences be- 
tween the central terminal and R, L, or F 
(the limb electrodes). The maximal potential 
difference between the central terminal and 
R will be obtained when the dipole is parallel 
to median AR in the frontal plane. Under this 
condition, by theorem I, 


cy —— : 
er = a AR, (36) 


where AR is the projection of OR onto the 
axis of the dipole. 
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Moreover, with the dipole parallel to the 
frontal plane, 
er t+ert+er=0 (37) 
and by theorem II, 
ec = 0. (38) 


‘(D — | 
aah, (39) 


Therefore, €CRmax = 


he 
Similarly 

Zp KD — 

=A L and €CPmax = =A F. (40) 


€CLimax — 


Since AR, AL, and AF are medians of the 
frontal plane triangle, 


AR V3 = AL V3 = AF V3 

= RL = LF = FR = RB = LB =FB 
Therefore, 
CCRmax VW 3 = €Chmax W 3 = €CFimax V3 


a €RLmax a €LFmax = €FRmax , ete. 


(41) 


(42) 


and the standardizing factor to be applied to 
the central terminal-to-limb measurements is 


With the isosceles tetrahedron, it is assumed 
that the Wilson frontal plane central terminal 
is used and that the dipole lies at the cen 
of this frontal plane equidistant from api 
R, L, F, and B. With the cube, it is assume 
that the central terminal is the junction of 
equal resistors connecting the eight corners, 
and that the dipole lies at the center of 
the cube. 


Discussion 

Throughout this study the calculation of 
standardizing factors has been associated w th 
the potential and the apparent location of ‘he 
central terminal in the coordinate frame. }or 
visualizing the apparent location we have found 
it convenient to think in terms of the following 
model: Each resistor in the electrical system 
is replaced by a rubber band. All bands have 
the same elasticity and cross section but their 
unstretched lengths are proportional to the 
resistances they replace. The bands are joined 


TaBLE 1.—Standardizing Factors for Potential Differences in Several Reference Frames 


Isosceles Tetrahedron Cube 
Case II. Fig. 4b | Fig. 5 Fig. 6 
| 


Einthoven Triangle Equilateral Tetrahedron| Equilateral Tetrahedron | 
Fig. 3 Case I. Fig. 4a 


emcee 
Standard- | potential 

izing | ‘Difference 
Factor 


Standard- 
izing 
Factor 


| Standard- | 
izing 
Factor 


Potential Standard- | 
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Potential 
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Potential 
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Potential 
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izing 
Factor 


CRL = C1 e€RL €rRL e€rL | Cpa, Cpr 


CFR = C2 CFR err | €FR Cpr, €gs, 


CLF = @3 CLF eLF CLF Cau, Crs, 
er ‘ e€RB ERB | €RB €rv, Csw; 
eL : €LB | eLB eLB 
er ‘ CFB FB ers 
er e€cr V/3 er 
eL 2 | ecL V3 | ex 
er 3 ecr V3 er 
V/3 | es 


Cru, Cry, 
C€uw, Cvw 
€p, Ca, 
Cr, Cs 
er, Cu, 
ey, Cw 


3) CO) GO! das 1989 1900 


eSSSSS5~ °° 


ep : e€cB 


4/3 = 1.732, as in Einthoven frontal plane 
measurements where the dipole is assumed to 
lie in the frontal plane. 

The isosceles tetrahedron* and the cube 
shown in figures 5 and 6 respectively have 
been analyzed similarly. For reference the 
standardizing factors for all frames are tabu- 
lated in table 1. 


* The name isosceles tetrahedron has been applied 
to one whose frontal plane (apices R, L, and F) is 
equilateral and whose frontal plane medians are equal 
to RB, LB, and FB. 


at one end to form the central terminal and 
the other ends are fastened to the correct 
apical points of the coordinate frame. As the 
bands stretch, the position of the junction 
corresponds to the apparent location of the 
central terminal. 

This concept of the central terminal must be 
regarded with care, because the apparent loca- 
tion of the central terminal cannot be used 
generally to calculate the potential of ‘he 
terminal. Consider, for example, the cen'ral 
terminal in case I of the analysis of the evui- 
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‘oral tetrahedron. From our model the cen- 
| terminal coincides with the center of the 
i ole at the center of the tetrahedron and its 
) ential is zero, as is correct. However, if the 
i) ole were directed along one of the medians 


Fic. 5. Isoseceles tetrahedron with Wilson’s central 
terminal in frontal plane. 


and the resistor along that median were 
changed slightly, the position of the central 
terminal would be considered to move along 
that median and no longer to coincide with 
the dipole. If the potential of the central 
terminal were calculated by the inverse square 


; U 


Fic. 6. Reference system employing the cube. 


from the distance between the central 
ninal and the center of the dipole, a large 
incorrect potential would result. As noted 
he discussion of theorem I, the potential of 
central terminal can be no higher than the 

i: xest potential of the apices. Consequently, 
‘ maximal possible potential of the central 
i: ninal would be KD/r?, which would occur 
’ if the resistor were made zero so that the 
‘tral terminal would be shifted to one of the 


apices. The potential of the central terminal is 
correctly determined in any case by applica- 
tion of Millman’s theorem, equation 6. How- 
ever, no error is made if the distances between 
this apparent position of the central terminal 
and the apices are used with theorem II to 
calculate the standardizing factors for the 
central terminal-to-apex potential differences. 

A similar fallacy would arise in case II of 
the equilateral tetrahedron if the potential of 
the central terminal were determined from its 
apparent position at the center of the frontal 
plane and the inverse square law. No difficulty 
is encountered, however, if theorems I and II 
are employed. 


R L R Cc L 
“nat yg 
yo \/s 
F F 
WILSON GOLDBERGER 


Fic. 7. Comparison of Wilson’s limb lead with 
Goldberger’s augmented limb lead. 


If the center of the dipole and the apparent 
location of the central terminal do not coincide, 
the potential of the central terminal is not 
zero unless the dipole is perpendicular to the 
line connecting its center with the apparent 
location of the central terminal. A dipole lo- 
cated in front of or behind the frontal plane will, 
unless it is parallel to the frontal plane, produce 
a central terminal potential determined by the 
orientation of the dipole with respect to the 
apices of the frontal plane. 

Application of the model and theorem: I 
visually explains why Goldberger’s augmented 
limb leads produce potential differences which 
are 1.5 times as great as those of Wilson’s 
limb leads. In Goldberger’s method the refer- 
ence terminal is apparently shifted to the mid- 
point of one of the sides of the Einthoven tri- 
angle. Measurement of limb potential between 
this point and the limb involves a distance 
which is 1.5 times as large as that involved 
with Wilson’s central terminal. This is shown 
in figure 7. The accuracy of Goldberger’s 
method depends on equality of electrode-to- 
skin resistances. The central terminal is shifted 





118 STANDARDIZING FACTORS IN ELECTROCARDIOGRAPHY 


toward the electrode with the lower resistance. 
This shift can produce magnitude and polarity 
changes in some cases. The use of the 5000 
ohm resistors in Wilson’s method masks dif- 
ferences in electrode-to-skin resistances and 
reduces the magnitude of any error. 

When the model for determining the appar- 
ent location of the central terminal is con- 
sidered, the question might be asked: For 
determination of the limb potentials with a 
galvanometer with the use of Wilson’s central 
terminal, does not the resistance of the gal- 
vanometer shunt one of the three equal resis- 
tors and thereby move the apparent location of 


into the box with eg, e,, and ey short-cir- 


, — 
t d “ea 
culted 1S 3 


. The equivalent Thevenin net- 


work of the circuit within the dotted lines is 
shown in figure 8c. Since both e, and the ¢a‘i 


; : : ; R 
brating voltage e are in series with R, and — , 


) 


the method of calibrating the galvanomei» 
compares e, and the calibrating voltaxe 
directly. Therefore, the calibrated galvano- 
meter indication is correctly e; . 

The effect of skin-electrode resistances w is 
mentioned in connection with the possibiliiy 
of errors in the use of Goldberger’s augmented 


Fic. 8. Application of Thevenin’s theorem of electrical networks to prove the accuracy of string 
galvanometer recordings of limb potentials. (a) Actual circuit arrangement. (6) Equivalent circuit 
arrangement. (c) Equivalent circuit arrangement according to Thevenin’s theorem. 


the central terminal toward the limb being 
measured? The answer is: It does. Fortunately, 
however, the method of calibrating the gal- 
vanometer corrects any error. This is shown by 
applying Thevenin’s theorem of electric cir- 
cuits. Figure 8a is a schematic arrangement 
of the apparatus and the Einthoven triangle 
for determining the potential of the left arm 
by Wilson’s method. Figure 8b is simply a 
rearrangement of figure 8a with the limb poten- 
tials ep, e,, and er made evident. If the 
galvanometer is disconnected, the network in- 
side the dotted lines is open-circuited, and C 
and O are at the same potential. Therefore, 
the open-circuit output voltage, ec: , in this 
case is e,. The internal impedance of the 
network measured from terminals C and L 


limb leads. This skin-electrode resistance also 
introduces differences between —limb-limb 
potentials with and without the Wilson 
central terminal circuit. As long as the body 
may be considered as a homogeneous and 
linear conductor, the galvanometer, when 
used and calibrated in the standard way, 
records the potential difference which exisied 
between the electrodes before the galvanome- 
ter was connected to these terminals. This was 
shown in connection with the study involving 
figure 8. Therefore, if the skin-electrode re- 
sistance is appreciable, it must be expecied 
that IR voltage drops through these resistan:es 
when the Wilson central terminal network is 
applied will change the limb-limb electrode 
potential differences and likewise the central 
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minal-to-limb electrode potential differences. 
Tius, if the skin-electrode resistances are 
1000 ohms and the individual Wilson net- 

rk resistors are 5000 ohms, the central 
minal-to-limb potential differences as meas- 

d will be approximately 17 per cent less 
in they actually are, that is, the 1000 and 
)0 ohms resistances are acting as a voltage 
ivider to reduce the voltage presented to the 
galvanometer by —_—_ = § ~ 17% 
re ~~ "1000 + 5000 ~ ° "3 
If the skin-electrode resistances are unequal, 
then a shift in the apparent position of the 
central terminal will occur which may intro- 
duce further errors. By careful application of 
the electrodes it is usually possible to reduce 
this error until it is within usual experimental 
electrocardiographic errors. However, in cer- 
tain cases where the subject has very dry and 
thick skin, the error may be relatively large. 
No attempt has been made in this paper to 
justify the validity of any coordinate frame 
for electrocardiography. Einthoven’s frontal 
plane concept has been the basis of two- 
dimensional electrocardiography. As yet there 
is no standardization of frames for spatial 
electrocardiography and_ vectoreardiography. 
At present one of the tetrahedrons seems most 
suitable but there is little difference between 
results obtained with the isosceles and the 
equilateral tetrahedron concepts. The errors 
inherent in the use of any coordinate frame 
for electrocardiography must be realized. 
The body is neither infinite in extent, nor elec- 
trically homogeneous and isotropic. The elec- 
trodes are not necessarily so far removed from 
the distributed charges of the active cardiac 
misele that these charges can be represented 
accurately by a dipole. However, such errors 
are probably well within the range of variation 
due to normal physiologic differences, as the 
work of Wilson and others regarding the valid- 


it) of the Einthoven concept seems to indi- 
cate. 


SUMMARY 


'. Standardizing factors are necessary to 
correlate measurements in any given coor- 
dinate reference frame employed in electro- 
¢: \diography. 


2. Two theorems are presented which facil- 
itate the calculation of standardizing factors. 

3. The application of these theorems to the 
Einthoven triangle and to the equilateral 
tetrahedron for spatial electro- and vectorcar- 
diography has been shown in detail. 

4. Standardizing factors for the Einthoven 
triangle, the equilateral tetrahedron, the isosce- 
les tetrahedron, and the cube have been tabu- 
lated. 

5. A concept regarding the apparent loca- 
tion of the central terminal has been pre- 
sented, and with the theorems, discussed with 
respect to some applications in electrocardiog- 
raphy. 


ADDENDUM 


Just before this paper was submitted for 
publication, a similar paper, “Le Probléme 
des Derivations Bipolaires Appliqué 4 la 
Vectocardiographie,” by E. C. Cabrera ap- 
peared in Acta Cardiologica 4: 231, 1949. 
Whereas in our paper standardizing factors 
are based on the distance between the elec- 
trode locations projected onto the axis of the 
dipole, in Cabrera’s paper they are based on 
the sine of half the angle between the lines 
connecting the center of the dipole with the 
electrode positions. Mathematically, for equi- 
distant electrodes the two methods are equiv- 
alent. In our paper, however, we consider 
particularly the tetrahedron systems which 
have been used in the vectorcardiographic 
investigations of this laboratory and similar 
systems in which derived electrodes (central 
terminals) as well as direct contact electrodes 
are used. 


APPENDIX I. Equilateral Tetrahedron 


Consider the sagittal section of the equi- 
lateral tetrahedron shown in figure 9. This 
section is obtained by passing a plane through 
B and F perpendicular to the frontal plane. 
Points O, the center of the tetrahedron, and 
A, the center of the frontal plane, lie in the 
plane of this section. In the equilateral tetra- 
hedron 


RL = LF = FR = RB = LB = FB 
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and 

OR = OL = OF = OB =r 
In the section, 
OB FB FB 


Since AF is the median of the equilateral fron- 
tal plane 


cosa = 


_._ RL __ FB 
AF = — = 


v3 


Fic. 9. Sagittal section of the equilateral tetrahedron. 


Therefore, 


Likewise 


= LF = FR = RB = LB. 


AppENDIXx II. Isosceles Tetrahedron 


Consider the sagittal section of the isosceles 
tetrahedron shown in fig. 10. This section is 
obtained by passing a plane through B and F 
perpendicular to the frontal plane. Point O, 


the center of the frontal plane, lies in the plane 
of this section. In the isosceles tetrahedron 


RL = LF = FR, OR = OL = OF 


and 


RB = LB = FB 


Since the frontal plane is an equilateral i- 
angle with medians OF, OR, and OL. 


OR V/3 = OL /3 = OF V/3 = OB V/3 


= RL = LF =iR. 


RL 


F 


Fic. 10. Sagittal section of the isosceles tetrahedron. 


In the triangle OF B of the sagittal section 


FB = VOF? + OB = 


Therefore, 


= ,/?_@,/.wifio wes 
FB 4/ = =LB A/ = =RBA/< = RL =LF =FR. 
i 5 / 3 i/ 5 — RL = LF =FR 


APPENDIX III. Cube 
In the case of the cube shown in fig. 6 
PQ = PR =QS = RS = TU =UW =WV 
=TV =PT =UQ =WS =VR 


and 


OP = 0Q = OR = OS = OT = OV = OU =CW 


But 


UR = 20R = 20U 


VUE + QS + RS 
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TI erefore, ?Himw, R. F.: The Construction of the Cardiac 
_ ee Vector. Am. Heart J. 32: 72, 1946. 
20R = RS V3 3 Witson, F. N., aNp Jonnston, F. D.: The Vector- 
cardiogram. Am. Heart J. 16: 14, 1938. 
4Mitiman, J.: A Useful Network Theorem. Proc. 
Inst. of Radio Engineers 28: 413, 1940. 
5 Conway, J. P., AND Cronvicu, J. A.: Observations 
on the Spatial Vectorcardiogram in Normal Man. 
REFERENCES Read before Southern Section, Am. Fed. Clin. 
!\tsoN, F. N., Jounston, F. D., Macteop, A. G., Reseach, Jam, 20,190 
xp Barker, P. S.: Electrocardiograms that *——, ——, AnD Burcu, G. E.: Observations on 
‘epresent the Potential Variations of a Single the Spatial Vectorcardiogram in Man. Am. Heart 
\‘lectrode. Am. Heart J. 9: 447, 1934. J. 38: 537, 1949. 
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The Validity of the Equilateral Tetrahedron 


as a Spatial Reference System 


By J. A. Asttpskov, M.D., G. E. Burcu, M.D., ano J. A. Cronvicu, MS. 


The error involved in the use of the equilateral tetrahedron reference system for electrocardiographic 
or vectorcardiographic studies has been investigated by means of an electrical dipole placed in the 
esophagus. Vectors plotted from the potential differences between electrodes defining the reference 
system were found to correspond fairly closely to the actual position of the dipole, indicating that 


the error is small. 


HE STUDY of spatial vectorcardi- 

ography in progress in this laboratory 

prompted an examination of the equi- 
lateral tetrahedron, which is the reference sys- 
tem employed. In this system the shoulders, 
the pubis, and a point on the back represent 
the apices of the figure, and the assumption of 
the Einthoven hypothesis that shoulders and 
pubis are sufficiently removed electrically from 
the heart to be considered equidistant must also 
be applied to the electrode position on the back. 
On a purely anatomic basis, this seems justi- 
fied, since in a study of 30 normal subjects 
this point on the back was found to be of equal 
distance from the heart as the left shoulder or 
even more distant.' It must also be assumed, 
as in the Einthoven hypothesis, that the body 
acts as an essentially homogeneous conducting 
medium. 

It is generally agreed that these assumptions 
are approximations only, but are useful in 
frontal plane electrocardiography. If they can 
be applied with similar accuracy to a volu- 
metric reference system, three dimensional vec- 
torcardiography may provide new and valuable 
information. 

In the report suggesting the use of the tetra- 
hedron reference system, Wilson and co- 
workers? presented the results of an experi- 
ment designed to test its validity. An electric 
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field was produced in a cadaver by means of 
electrodes inserted in various positions in ‘he 
region of the heart. The potentials at the points 
representing the apices of the tetrahedron were 
then compared with those predicted on the 
basis of the known dipole position. As ihe 
authors pointed out, the results were incon- 
clusive because of the special conditions of the 
experiment. The effect of death on tissue re- 
sistance and the effects of accumulation of 
fluid in the dependent portions of the body 
made the data difficult to interpret. 

In the experiments reported herein, the po- 
tential differences between limb electrodes and 
limb and back electrodes produced by a 
“dipole” placed in the esophagus of living sub- 
jects have been determined. It is recognized 
that a dipole so located is not entirely com- 
parable to the heart in relation to points in the 
frontal plane, especially as regards the lateral 
wall of the left ventricle and its relation to the 
left shoulder. This objection has been overcone 
in part by selecting some patients in whom the 
esophagus deviated to the right or left at about 
the level of the heart. 


MATERIALS AND METHOD 


Twelve patients with chronic disease or convales- 
cent after an acute illness were selected for study. A 
variety of body types and nutritional states was 
represented. 

Smooth round German silver disks, 5 mm. in 
diameter, were fixed on the wall of a stomach tube 
near its end and were connected to an input circuit 
by insulated copper wire inside the tube. In six ex- 
periments the electrodes were separated b) a 
distance of 6 cm. and in the remainder of the exp:ti- 
ments by 2 em. In all experiments the tube was 
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ted a distance of 30 cm. or more as measured 
the nose to the proximal electrode. 
sentially constant direct current of about 0.4 
impere was supplied to the disk electrodes by 
volt battery through a circuit with slightly 
than 100,000 ohms resistance. With this cir- 
no effects attributable to polarization at the 
electrodes were apparent. 
ie position of the electrodes in the thorax was 
mined fluoroscopically and with spot films, and 
some eases by frontal and lateral teleoroentgeno- 
is. Observations on models with the electrodes 
iown positions indicated that the methods em- 


Y 


FRONTAL 


and corrected for differences in standardization. The 
values so obtained were plotted on a triaxial ref- 
erence system applied to each plane of the tetra- 
hedron, to yield vector quantities which, if each apex 
of the tetrahedron is adequately remote from the 
dipole, should correspond in direction to the actual 
position of the dipole projected on the appropriate 
plane surface. 


RESULTS 


Table 1 summarizes the data relative to the 
frontal plane. The actual position of the dipole 





SAGITTAL 


RIGHT PLANE 


FIG. 1.—Projections of a dipole onto frontal, sagittal and right planes of the equilateral tetrahe- 


dron reference system. 


ployed were accurate to within 5 degrees. The back 
electrode was placed in a position midway between 
the positive and negative electrodes of the esophageal 
dipole under fluoroscopic observation. 

‘he leads recorded included the three standard 
lea'ls and bipolar leads from the back and right arm, 
left arm and left leg, respectively. The standard leads 
we ¢ obtained on all subjects and bipolar leads from 
the back and right arm, left arm and left leg were 
obi ined on 10 subjects. 

Vhile each lead was being recorded, the input 
cir uit to the esophageal dipole was closed and 
op ned at least nine times by means of a switch. 
1): placements of the baseline, similar to those which 
ocr when an electrocardiogram is standardized, 
re-.ilted. These were measured to the nearest 0.2 mm. 


® 


projected onto the frontal plane as determined 
by radiographic means is expressed in degrees 
from the horizontal and is compared with the 
direction of vectors constructed from the de- 
flections in the standard leads. As shown, these 
directions differ by 10 degrees or less. 

In one experiment (No. 9) an almost hori- 
zontal input was obtained with the electrodes 
in contact with the fundus of the stomach. As 


was the case with more nearly vertical posi- 


tions of the dipole, there was close agreement 
between actual dipole position and vectors 
plotted from the standard lead deflections. 
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Tables 2 and 3 summarize the data relating 
to the back electrode. From the frontal and 
sagittal positions of the dipole as determined 
radiographically, the projected position of the 
dipole in the right plane of the tetrahedron 
was calculated. A typical case is illustrated 
in figure 1. Projections of the dipole onto 


TABLE 1.—Direction of Vectors in Frontal Plane 


Direction of Vectors 

. : | Directi Plotted from Leads 

Experiment | Diection 
Numbe Projection 


! Maximal 
| Difference 
Tand | Tand | Iland 
Il III Ill 


degrees 


90 90 89 


— 


—_ 
oowdrwn fF Oe NST 


_ 


TaBLeE 2.—Direction of Vectors in Right Plane 

| 
: | Calculated 
Experiment | Direction 
Number | of Dipole 


Projection | IIand BRan_ BR and 
BF BF II | 


Direction of Vectors 
Plotted from Leads ‘ 
Maximal 


L ifference 


degrees 

116 | 109 99 97 
80 S4 90 90 
107 93 | 107 | 115 
118 125 120 115 

5 139 | 136 | 137 | 141 

6 73 | 75 75 76 

10 94 98 85 

11 | 73 

12 | 118 | 117 7 3 13 


the frontal and sagittal planes (determined 
radiographically) and onto the right plane (cal- 
culated) are shown. In this figure, the frontal 
plane triangle RLF is perpendicular to the z 
axis, positive coordinates are measured as in- 
dicated, and z,, y. and 2, are the coordinates 
of the lower end of the dipole. The center of the 
dipole, O, is at the intersection of the coordi- 
nate axes and at the center of the tetrahedron. 
CA is the projection of the dipole onto the 


right plane. Angle a between C’A and edge RB 
in the right plane was calculated by means of 
the formula: 


1 2 2 
a(-* + Tah t Fx) 
G@ityite) 


= < are Cos 


2 Ya Za J 
_ s(: 7 V3 + *.) 
Positive angles were measured clockwise f 
the reference axis RB, as is customary in ¢ 
trocardiography. 

The directions of the dipole projection 
the left plane were not calculated but have | 


TABLE 3.—Direction of Vectors in Left Plan: 


Direction of Vectors 


Calculated Plotte 
Experiment Direction etted tou Lands Maxims 


Number | of Dipole Differen 
| Projection | III and|BR and |BR and | 
BF BF Ill | 


degrees 

116 109 107 106 

82 87 90 90 
115 99 104 107 
110 114 117 119 
130 134 131 121 

74 73 62 

89 101 90 

76 80 72 
110 105 112 





estimated with the use of a tetrahedron model. 
It was not considered necessary to make these 
calculations, since in the case of the right plane 
the directions as estimated with a model were 
essentially the same as those calculated. 

The direction of the dipole projection in these 
planes has been expressed in degrees from the 
horizontal and has been compared with the 
direction of vectors plotted from the deflec- 
tions in bipolar leads from the apices of the 
appropriate plane. The greatest discrepancy be- 
tween the actual dipole position and the con- 
structed vector direction was nineteen, and the 
average discrepancy was ten degrees. Since it is 
likely that the greatest errors in determining 
the actual dipole position were made in the 
case of the sagittal angles, these discrepan:ies 
would seem to be in the range of those cn- 
countered in the frontal plane. 
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Discussion 


| xperience with spatial vectorcardiography 
to ate offers encouragement for the eventual 
cli: cal usefulness of that method, but pre- 
ced ng more extensive use it is desirable to have 
inf rmation relative to the errors involved. 

‘he results of this study indicate in a gross 
fasion that a point on the back may be con- 
sid red electrically remote from a dipole in the 
region of the heart with approximately the 
same error as is involved in considering the 
apices of the Einthoven triangle remote. Since 
the Einthoven concept is unquestionably valu- 
able in frontal plane electrocardiography, it 
seems likely that the tetrahedron will prove 
useful for spatial studies of the action current. 

Recently Wilson and his associates* have 
reported the results of preliminary studies with 
the use of a dipole on the external surface of the 
thoracic wall to quantitate the error of the 
Einthoven hypothesis in individual cases and 
to investigate the possibility of constructing an 
Einthoven triangle for a given subject. It is 
hoped that further studies of a similar nature 


may yield more exact information regarding the 
errors inherent in applying reference systems 
to the human body than are now available and 
may suggest methods for reducing these errors. 


SUMMARY 


1. The validity of the tetrahedron reference 
system has been investigated with the use of a 
“dipole” in the esophagus of living subjects to 
produce an electric field in that subject. 

2. Results indicate in a gross manner that a 
point on the back can be considered electrically 
“remote” from the esophageal dipole with an 
error equivalent to that involved in considering 
the apices of the Einthoven triangle remote. 
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An Approximate Derivation for Stereoscopic 
Vectorcardiograms with the Equilateral 
Tetrahedron 


By J. A. Croxvicu, MAS., J. A. Apitpsxov, M.D., 
C. E. Jackson, M.D., ano G. E. Burcu, M.D. 


A simple electrode arrangement, which permits the derivation of stereoscopic projections of the 
spatial vectoreardiogram, eliminates the need for constructing models. The visual impression ob- 
tained from this method agrees satisfactorily with that from carefully constructed models. 


N THE study of spatial vectorcardi- 

ography in this laboratory it has been the 

practice to construct wire models of the 
spatial vectorcardiogram from its frontal and 
sagittal projections which are presented on two 
cathode-ray tubes.':? These three-dimensional 
models seemed necessary to facilitate visualiza- 
tion of the spatial characteristics of the vector- 
cardiogram, but their construction entailed 
considerable time and care. To avoid the ne- 
cessity of constructing such models, we have 


recently developed a simple electrode arrange- 
ment which permits satisfactory stereoscopic 
views of the spatial vectorcardiogram to be 
photographed directly from two cathode-ray 
tubes. 


One plane is rotated by approximately three 
degrees with respect to the frontal plane by 
displacement of its right apex backward. The 
other plane is rotated through an equal angle 
by displacement of its left apex backward. 

In the arrangement devised each cathode- 
ray tube presents the projection of the vector- 
cardiogram onto a plane displaced slightly from 
the frontal plane. Since the electrical derivation 
of these planes involves the application of only 
four electrodes, right arm (RA), left arm (LA), 
left leg (F), and back (B), which form the 
apices of the equilateral tetrahedron, this 
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method is simpler than that of using adjacent 
electrodes employed by Schellong*® and modi- 
fied by Vastesaeger and Rochet.! The shiit of 
these planes from the frontal plane is obtained 
by means of the resistors connecting RA, LA 
and B in the superior plane (see fig. 1). RA’, 
LA’ and F are the apices of the plane whose 
right apex is shifted backward along R.A-B, 
and RA”, LA” and F are the apices of the 
plane whose left apex is shifted backward along 
LA-B. The frontal plane projection of the vee- 
toreardiogram is obtained by using standard 
Lead I connections to produce horizontal de- 
flection on the oscilloscope and the unipolar 
limb potential from the foot (VF) to produce 
vertical deflection.!:? Similarly, stereoscopic 
views are obtained by using the potential dif- 
ference between RA’ and LA’ in the plane 
RA’-LA’-F to produce horizontal deflection on 
the oscilloscope and VF to produce vertical 
deflection. The recorded pattern from this os- 
cilloscope is viewed with the left eye. In the 
plane RA”-LA”-F the potential difference be- 
tween RA” and LA” is used to produce hori- 
zontal deflection and VF to produce vertical 
deflection. The recorded pattern from this os- 
cilloscope is viewed with the right eye. 
Ideally, vertical deflection in both RA’-LA’- 
F and RA”-LA”-F should be obtained from 
central terminal to foot derivations in each of 
these planes. However, the error introduced 
by our approximate derivation is probably 
small compared with errors inherent in the use 
of such an idealized reference frame as the 
tetrahedron. Many refinements are obvious ut 
the stereoscopically obtained spatial vector: ar- 
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R= 22500 ohms 
r= 1200 ohms 


Fia. 


lic. 2A. (Above) Stereoscopic vectorcardiogram 
recorded by the method presented in this paper. B. 
(Below) Stereoscopic photograph of wire model con- 
structed from frontal and sagittal projections of the 
vectoreardiogram shown in A. 


diograms appear to be similar to the wire 
models carefully constructed from the frontal 
and sagittal projections. Possible modifications 
of this method include elimination of the 1200- 
ohm resistors in the frontal plane so that RA” 
coincides with RA and LA’ coincides with LA, 
use of separate central terminal deviations in 
each plane for vertical deflection, and varia- 
tion of the angles between the planes by chang- 


ing the resistors used in the derivations. It may 
be possible to obtain the last of these in a more 
flexible manner if the electrodes are suitably 
located on the surface of a homogeneous sphere 
of resistive material. 

A representative stereoscopic vectorcardio- 
gram obtained by this method and stereoscopic 
photographs of a wire model constructed from 
the frontal and sagittal projections of the same 
vectorcardiogram are shown in figure 2. 
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Comparison of Heart Vectors Calculated with 
Different Systems of Leads 


By Ricuarp McFks, M. S. 


Einthoven’s equations for the heart vector are based on the assumption that voltages measured 
across the trunk horizontally (or vertically) are proportional to the horizontal (or vertical) com- 
ponent of the dipole moment of the heart’s electromotive forces. One necessary consequence of 
this assumption is that all the horizontal (or vertical) voltages be similar, and that heart vectors 
calculated with different sets of these voltages and appropriate formulas be the same. An experi- 
mental test of this predicted result is described in this paper. 


INTRODUCTION 


HE EXPERIMENTAL data, formulas 

and procedures discussed in this paper 

represent an effort to measure the errors 
involved in the use of the equations based on 
the Einthoven triangle. It was hoped that by 
comparing vectors calculated from several dif- 
ferent systems of leads taken on normal hu- 
man subjects a reliable estimate of the errors 
involved in the application of these equations 
and a rational basis for judging arguments 
about their validity would be obtained. The 
investigation of the natural field of the heart 
eliminates many objections applicable to ex- 
periments involving artificial electromotive 
forces, models and mathematical approxima- 
tions. The original idea was that the errors 
resulting from the use of the Einthoven for- 
mulas would be of about the same magnitude 
as the differences between the heart vectors 
calculated from the different systems of leads, 
but it was eventually realized that this view 
was not sound, for there could be perfect agree- 
ment among the vectors of the different sys- 
tems of leads even with pronounced variations 
in the conductivity of the tissues in and around 
the heart. Moreover, there would be no differ- 
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ences between those vectors if their ver. ical 
and horizontal components found with the dif- 
ferent systems of leads were equally in e:ror. 
For these reasons it was not possible to equate 
the differences among the vectors to the errors 
of the formulas, although it seems probable 
that these differences are a rough index of the 
accuracy of the latter. 

The comparison of these heart vectors is dis- 
cussed in a later section of this article. The 
appendix gives equations for calculating the 
errors in the vectors resulting from inaccurate 
measuring of the lead voltages. These equa- 
tions were developed for the purpose of esti- 
mating to what extent the differences between 
corresponding vectors are due to errors in 
measurement and to what extent they are due 
to errors inherent in the method of calculating 
these vectors. They can be applied to any 
calculation of the heart vector based on Fin- 
thoven’s triangle and have been found useful 
in finding the errors in measurements of the 
ventricular gradient. 


MeETHOD 


Three different systems of leads were used. The 
first was the usual Einthoven system. The second 
consisted of an inverted Einthoven triangle formed 
by two electrodes on the left and right sides of the 
waist halfway between the ribs and the pelvic 
bone, and a third electrode on the right side of the 
neck. The third system included a horizontal lead 
taken from electrodes on opposite sides of the chest 
about two-and-one-half inches below the armpits, 
and a vertical lead taken from between the neck 
electrode to an electrode on the abdomen about an 
inch below the navel. These lead systems are shown 
in figure 1. 

All the voltages of each lead system were recor Jed 
simultaneously on one film, using a three-char nel 
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vac um tube electrocardiograph. The film speed 
was 450 mm. per second, and the sensitivity was 
abo t 2 em. per millivolt. A transparent and finely 
divi ‘ed precision ruler was used to measure the 
vert cal distance of the trace of the QRS deflections 
fro. points on the baseline separated by intervals 
of ive milliseconds. The time measured voltages 
wer found by multiplying each measurement by 
the «alibration factor for the corresponding channel. 
The e voltages were “adjusted” to their most 
provable values by using the formulas given in the 
appendix. 
The usual Einthoven equations, 


o — Ct) ey 
ei V/: 

were used for the two triangle systems, and the 
equations 


a = are tan (1) 


COs @ 


ey 
a = are tan ee 
2€H 


M = Ve. + Gen? 


imposed curves give the manifest magnitude of 
the heart vector and the angle which defines 
the direction for each subject plotted against 
time. It will be noted that on each graph two 
curves are drawn for the ordinary Einthoven 
system of leads. These two curves were ob- 
tained from different heart beats and show 
the variations that result from using different 
beats for the calculations under consideration. 
It can be seen from the graphs that in each 
case these variations are relatively small. 
These graphs show in detail the information 
obtained from the experiments. Of particular 
interest are the differences in angle and in 
magnitude between the highest and lowest 
curves of the graphs. As was mentioned in the 
introduction, these differences may be thought 


Fic. 1. Three different lead systems for calculating the manifest vector: (A) Einthoven triangle; 
(B) inverted Einthoven triangle; (C) vertical-horizontal lead system. 


were used for the vertical-horizontal lead system. 
The horizontal voltage was arbitrarily divided by 
two, because the chest electrodes were nearer the 
heart than the arm and waist electrodes, for it was 
noted that the voltage across the chest was generally 
about twice as large as the corresponding voltages 
of the triangle systems; that is, of Lead I and the 
waist lead. The probable errors of the computed 
dir-ction and the manifest magnitude of the cardiac 
ve’tor due to mistakes in measurement were calcu- 
lated by using the formulas given in the appendix. 
Tl: time in the cardiac cycle of each measured 
vo’ age, with respect to an instant slightly before 
th: onset of the complex, was determined. It is 
po ible that errors as great as three or four milli- 


sec nds, one way or the other, were made in doing 
thi 


RESULTS 


iraphs showing the data collected in this 
W:y are reproduced in figure 2. These super- 


of as a rough index of the accuracy of the 
Einthoven formulas. For the convenience of 
the reader, average and maximum values for 
the differences of angle, along with average 
values for their probable errors and variations — 
between beats are given in table 1. Corre- 
sponding differences in the magnitude of the 
vectors were not tabulated, because it was felt 
that the small errors made in locating the 
time scales would make the resulting differ- 
ences misleadingly large. 

In obtaining these numbers, attention was 
restricted to that portion of the QRS complex 
where the manifest magnitude exceeds one 
quarter its maximum value. This was done to 
minimize the large errors in measurement 
which are always associated with small de- 
flections. The differences between the highest 
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and lowest curves were determined at instants ror figure was obtained by averaging the «al- 


five milliseconds apart in this interval, and the culable probable error of all measurements in 
maximum and average of the results were tab- the interval considered. 


ATeo) 
~= VERTICAL - HOMEON TAL 


MILLISECONDS 


mecrmca, ants 
‘ 


SUBJECT I 


ans 


z 
2 
¥ 
« 
2 
= 
= 


‘ 
3° 


SUBJECT I 


qectamcay 


SUBJECT E SUBJECT E 


Fic. 2. Time graphs of QRS electrical axis and magnitude calculated from different lead systems 
for three subjects. To indicate variations from beat to beat, calculations were made with the Eintho- 
ven triangle lead system for two different complexes. 


ulated. The differences between the two curves DIscuUSSION 

calculated with the Einthoven lead system There is no doubt that the inverted Ein- 
were determined at the same instants, and thoven triangle and the vertical-horizontal lvad 
also averaged and tabulated. The probable er- systems used here are completely arbitrary. as 
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ul the equations which accompany them. But 
Einthoven triangle itself was chosen on an 
itrary basis, and there seems to be no basic 
son why any one of the lead systems should 
considered superior to any of the others. 
The equations for the leads may be chosen 


LE 1.—Tabulated Values for the Differences 
Between the Curves in Figure 2.* 


Average 
Maximum oe | nee 
di ce i tween 
eee | eee” | soe | Sere 
Highest and Highest and | Same Lead 
Lowest Lowest Error | System 
Curve Curve | withDiffer- 
ent Beats 


Subject 1 14.9° 9.9° 1.0? 2.4° 
Subject 2 69.8° 25.8° 19° 9.0° 
Subject 3 58.8° 30.8° 1.9° 5.4° 





* For detailed explanation, see text. 


as 


2 


’ Average 


4 
voltage A 


tained by such methods, we can test their 
validity when applied to human subjects, and 
in this manner find out which ways of cal- 
culating the heart vector are best. 

The procedure of comparing vectors calcu- 
lated with different lead systems suggests a 
method of constructing a lead which is more 
uniformly sensitive to electromotive forces 
generated in different parts of the heart. This 
is done by using two or more electrodes for 
each end of the lead and averaging their po- 
tentials. The electrodes are located so that the 
electromotive forces they emphasize are in op- 
posite portions of the heart. This emphasis, as 
a result, will be cancelled out when their po- 
tentials are averaged. Actual averaging net- 
works are constructed by connecting the elec- 
trodes with equal resistances to the same point, 
as is done with the central terminal. It is easily 


Sagittal 
voltage 


Fic. 3. Two electrical averaging systems. (A) averaging network for Wilson’s tetrahedron. (B) 
Cubical electrode system, showing averaging network for obtaining the sagittal component. Iden- 
tical networks are used to find the other two components. 


wre rationally using the concept of a lead 
‘tor recently advanced by Burger and Van 
ian! and finding the components of this 
‘(or with a suitable model, as they did. Or 
iv may be chosen using a human subject 
‘ artificially inducing a dipole, as was done 
Wilson and his associates.? But in any case, 
comparing heart vectors calculated from 
‘erent systems of leads with formulas ob- 


shown that the potential of this point will be 
the average. The requirement that the sum of 
the currents flowing into the point be zero 
(Kirchhoff’s current law) is equivalent to the 
equation 


Vi — Va Vo — Va Vi — Va 
eee ene Bee ones obo =e 


-__ =0 
R R R 


n = 2,3,4,-°- 
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where Vi, Vo,...V, are the potentials of 
the n electrodes and V, is the potential of 
the output terminal. Solving this equation for 
Vv. gives 


Va= 


(Vi + Ve + --- + Vi) (4) 


z 
N 


which is the desired average. 

Some examples of these averaging systems 
are shown in figure 3. Part A of this figure 
shows an application to the tetrahedron of 
Wilson, Johnston and Kossmann.’ The central 
point of the averaging network replaces the 
usual sagittal electrode of the tetrahedron. In 
this way a sagittal electrode is obtained which 
is effectively more “remote” from the heart. 
Part B shows a symmetrical system for ob- 
taining all three components of the heart vec- 
tor with eight electrodes. Each component is 
the average of four bipolar leads. If the output 
voltages of this latter system are considered 
directly proportional to the three components 
of the heart vector, proper weighting factors 
for each component may be introduced by ad- 
justing the gain of the amplifiers. If Burger’s 
equations for the output leads are used, simple 
resistive networks may be constructed for ob- 
taining linear combinations of the output volt- 
ages, and they can be adjusted so that the 
combined voltages are proportional to the de- 
sired components. 


SUMMARY 


The instantaneous magnitude and direction 
of the cardiac vector is calculated for the QRS 
complex of three subjects using the Einthoven 
lead system, an inverted Einthoven lead sys- 
tem and a two lead “vertical-horizontal” lead 
system. Comparison of the time graphs of the 
results gives a qualitative idea of the accuracy 
of the Einthoven formulas. 

Equations are given for estimating the prob- 
able errors in the manifest vector resulting 
from inaccurate measurement of the voltages 
of the leads. 


APPENDIX 


Equations for estimating the errors resulting 
from inaccurate measurement of the voltages 
of the leads: 


These formulas may be used only for calcu!a- 
tions based on the ordinary Einthoven ‘1j- 
angle. 


Probable error in : ee 
robable error in angle (a) = + 40 , degrees 1) 


M 
where 


A=I1+ UII -Il 
Probable error in manifest magnitude (M/) = 


A 
> + P (2) 
+ 80 u Per cent (3 


The probable error of a measurement is t iat 
quantity which will, on the average, excoed 
and be exceeded by half of the actual errors. 

The influence of measurement errors nay 
be reduced about forty percent by “adjusting” 
the lead voltages so that they conform with 
Einthoven’s Law. The equations for the ad- 
justed values are 

I,e=I-}34 
II, = 1I+%34A 
lI, = IIT -—4A 


When these adjusted lead voltages are used 
the formulas for the measurement of errors 
become 

degrees (5) 


A 
Probable error in a = +25 Vl 


Probable error in M = +60 per cent (6) 


A 
M 

The equations for the probable error of the 
measurements are likely to be in error by as 
much as 100 per cent, but they are constructed 
so that on the average half the results obtained 
with them will be larger than the true prob- 
able errors, and half will be smaller. 

The derivations of these formulas are fairly 
lengthy and will not be given here. The general 
idea is as follows. It is assumed that there is 
an equal distribution of random errors in the 
measured values of all lead voltages. The prob- 
able error of the A distribution, ¢, , can then 
be shown to be related to the probable errors 
in the individual leads, €; , by 


a=V3 a2 (7) 


The probable errors in the individual leads are 
found by letting 


6) 
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‘his assumption (8) leads to results which 
\ ll be too large half the time and too small 
. other half. The probable errors for a and 
are then found using Einthoven’s equations 
| the conventional formula for the propaga- 
in of errors. 


bable error of F(z, y, 2) = 


or \2 ar \2 ar \2 (9) 
5 €x + — a + <a 
Ox Oy 02 


‘vere €:, €, and e. are the probable errors of 
, y, and z. 

When adjusted values for the lead voltages 
are used, errors of each lead must be identified 
and added linearly, instead of in a root mean 
square fashion as is done for errors from dif- 
ferent leads. 

The adjusted values for the lead voltages 
given in equation (4) are such that they si- 
multaneously satisfy Einthoven’s law and the 


requirement that the root mean square of the 
difference between them and the measured val- 
ues (“residuals’’) be minimum. It can be shown 
that these are the most probable values of the 
lead voltages. 
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Chronic Pericarditis with Effusion 


By Paci S. Barker, M. D., AND FRANKLIN D. JoHnstron, M. D. 


Pericarditis with effusion is sometimes a chronic disease, an exception to the general rule that it is 
acute rather than chronic. Illustrative cases are described. Features of interest are the prominent 
third heart sound, the large P waves, the thrombi in the right atrium, the progression to constrictive 
pericarditis, and the resemblance in several respects to mitral stenosis. 


ERICARDITIS is commonly classified 

as acute or chronic. Pericarditis with 

effusion is regarded as a form of acute 
pericarditis and not as a form of chronic peri- 
‘arditis.'1:? This is undoubtedly correct in 
nearly all instances. There are, however, oc- 
‘asional exceptions in which pericarditis with 
effusion follows a chronic course of many 
months, notable for the complete absence of the 
features of acute disease. The purpose of this 
report is to call attention to this less common 
type of chronic pericarditis with effusion, to 
describe three illustrative cases and to com- 
ment on several features of special interest. 


CasE REPORTS 


Case 1.—R.Z. (U.H. 576097) was an 18 year old 
student when first seen on September 4, 1945. He had 
enjoyed good health until the age of 13 years when 
he had pneumonia and was told that he had rheu- 
matic heart disease. His activities were restricted 
upon the advice of his physician, but he soon de- 
veloped fatigue and shortness of breath upon moder- 
erate exertion which gradually increased in severity. 
There was no history of cardiac pain, palpitation or 
edema, or of previous rheumatic fever, growing pains, 
chorea or cyanosis, although he had frequent sore 
throat during childhood. 

Physical examination revealed a healthy appearing 
youth with gross cardiac enlargement, dulness ex- 
tending 6 cm. to the right and 13 cm. to the left of the 
mid-sternal line. The pulmonary second sound was 
slightly accentuated, but there was no palpable im- 
pulse, heave, shock or thrill, and no friction, murmur 
or gallop. The rhythm was normal. The neck veins 
were slightly distended. The lungs were clear. The 
liver was enlarged to 7 cm. below the right rib margin, 
but there was no ascites. Minimal edema of the 
ankles was present. There were no signs of thyroid 
disease. There was a paradoxical pulse; the blood 
pressure was 96-85/6C. 

The hemoglobin was 17.9 Gm., the blood Kahn 
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test was negative. The electrocardiogram shi wed 
broad, notched, deformed auricular deflections (fig. 
1). X-ray examination revealed moderate enl:urge- 
ment of the heart with a globular contour, and nini- 
mal left hydrothorax. A review of nine previous 
films, beginning on January 7, 1941, showed provres- 
sive increase in size of the heart, except in the films 
of September 18, 1943 and September 4, 1945 which 
showed decrease in cardiac size. 

Upon limited activities, digitalis and salt. restric- 
tion the patient’s course was satisfactory until the 
summer of 1947, when dyspnea and edema increased 
and ascites developed. Auricular fibrillation appeared 
and the course was progressively downward. On 
November 19, 1947 the findings were characteristic 
of constrictive pericarditis. There was only slight 
enlargement of the heart; it was definitely smaller 
than in 1945. In spite of the great risk, pericardiec- 
tomy seemed to be the only hope. The patient died 
on December 12, 1947, sixteen hours after operation. 
The temperature was normal throughout and the 
white blood cell count was normal. 

The autopsy showed chronic constrictive peri- 
‘arditis with partial pericardiectomy. There was 
polyserositis with active chronic fibrous pericarditis, 
pleuritis and peritonitis and “‘pericarditic pseudo- 
cirrhosis” of the liver. There was extreme atrophy of 
the muscle fibers of the ventricles, and hypertrophy 
of the atrial muscle. The mitral leaflets showed 
slight fibrous thickening, but no active inflammation 
and no vascularization and no stenosis. There was no 
evidence of rheumatic fever or tuberculosis. 


Comment. 

This patient showed clinical and roentgen- 
ographic evidence of pericarditis with effusion 
from 1941 through 1945, which by 1947 had 
progressed to constrictive pericarditis. ‘There 
was no clinical evidence of active or acute dis- 
sase during this time. The etiology of the peri- 
carditis and polyserositis was not apparent; 
the pneumonia in 1940 might have been the 
‘rause. A feature of interest was the finding at 
autopsy of atrophy of the muscle fibers o! the 
ventricles whose movements must have |,een 
greatly restricted by the diseased pericard:um, 
and of hypertrophy of the auricular muscle. 
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The | road, notched auricular deflections of the 
elect) cardiogram made two years before death 
were of the type observed in mitral stenosis 
and n other conditions associated with au- 
rieul: : hypertrophy. 


Case 2.—H.M. (U.H. 603646) was a 38 year old 
farme’, first seen on November 12, 1946, when he 
compliined of swelling of the lower extremities. He 
state that in 1943 he was kicked in the chest by a 
horse, following which he had dyspnea upon slight 
exertion and swelling of the feet, and that he was 


Fig. 1—Case 1. Electrocardiogram of Sept. 4, 
1945, Leads I, II and III. The P waves are broad and 
notched. The QRS deflections are of relatively small 
amplitude. 


told that his heart was enlarged. He improved slowly 
until he was able to drive a truck, but he gave up 
farming. In December, 1944, he had several hem- 
optyses, followed by dyspnea upon slight exertion, 
fullness in the epigastrium and swelling of the ankles. 
From that time on he had recurring episodes of 
dyspnea and swelling of the feet and legs, improving 
under treatment by his physician but soon returning 
and }eecoming much more pronounced in the summer 
of 1916. There was no history of thoracie pain or 
palpitation, or of rheumatic fever, renal disease, 
searl 1 fever or venereal disease. 

P)vsieal examination showed an obese man with 
mass ve edema of the legs, thighs and genitalia, but 
able ‘o lie flat. The cardiac dulness was greatly en- 
large.\, the sounds were distant but regular, a third 
soun in diastole was heard near the apex, but no 
frietn or murmur was detected. The blood pressure 
Was |()5/80, the pulse was not paradoxical. The neck 
veins were distended, there were rales at the lung 


base-. and the liver was enlarged, but ascites was not 
preset. 


X-ray examination showed marked cardiac en- 
largement, pulsations were present but diminished, 
and the shape of the cardiac silhouette changed with 
change in position of the patient. The electrocardio- 
gram showed large, broad P waves. The total serum 
proteins were 6.9 per cent, albumin 4.1 per cent and 
globulin 2.8 per cent. 

The patient improved upon rest, digitalis and a 
diuretic regimen. It was thought at first that he 


Kia. 2.—Case 2. X-ray of chest made on Aug. 26, 
1948, immediately following the removal of 1650 ec. 
of fluid from the pericardial cavity and the replace- 
ment of 800 cc. of air. The thickened and distended 
parietal pericardium is widely separated from the 
heart by a moderate amount of residual fluid and the 
injected air. The cardiac shadow is somewhat en- 
larged. 


might have rheumatic heart disease with mitral 
stenosis, but it later became apparent that he had 
pericarditis with effusion. 

The patient got along fairly well during 1947 on 
digitalis, ammonium chloride intermittently, restric- 
tion of sodium intake and an occasional mercury 
diuretic, and although slight to moderate edema per- 
sisted he was able to work as a taxi cab driver. Early 
in 1948, however, auricular fibrillation appeared and 
dyspnea and edema became pronounced. In June, 
1948 the edema was massive, orthopnea was present 
and there were rales at the lung bases. The cardiac 
findings were as before, with greatly enlarged cardiac 
dulness, auricular fibrillation, a third sound in di- 
astole, and no murmur or friction. The serum albu- 
min had declined to 3.0 per cent. In July and August, 
1948, pericardial paracentesis was performed on five 
occasions; the needle encountered thickened peri- 
cardium (fig. 2). The amounts of fluid withdrawn 
varied from 325 ec. to 1650 ce.; it was clear and 
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straw colored at first, but later it was somewhat 
bloody. The fluid was negative for acid fast bacilli 
upon smears of concentrated preparations and cul- 
tures for pyogenic organisms were sterile. 

Partial pericardiectomy was performed by Dr. 
John Alexander on August 27, 1948. Thickened, in- 
flamed, parietal pericardium was removed from 
the anterior and left lateral aspects of the heart. All 
chambers of the heart appeared somewhat enlarged 


A 


atrium was distended, motionless and quite firm; it 
was thought to contain an organized thrombus. ‘The 
left auricle seemed normal. The tissue removed 
showed evidence of chronic fibrous pericarditis. T'\ere 
was only slight improvement following the second 
operation. 

Throughout the period of observation from No- 
vember, 1946 to December, 1948 the clinical cc urse 
was that of a chronic disease. The temperature was 


B 


Fic. 3.—Case 2. Angiocardiograms made on May 18, 1949. (A) Film exposed 3.75 seconds after the 
appearance of the opaque media in the superior vena cava. This vessel is dilated and well filled. The 
right atrium is incompletely filled and presents a mottled appearance. Normally at this time the su- 
perior vena cava should be almost free of the opaque substance and the right atrium and ventricle 
should be well filled with it. (B) Film exposed 6.75 seconds after the appearance of the opaque media 
in the superior vena cava. The superior vena cava still appears dilated and well filled, while the right 
atrium is incompletely filled and mottled and the right ventricle is somewhat more completely filled 
with the opaque substance. Normally at this time the superior vena cava and right atrium should be 
completely free, and the right ventricle almost completely free of the opaque media. The examination 
is interpreted as showing dilatation and prolonged filling of the superior vena cava and slow and in- 
complete filling of the right atrium and right ventricle, compatible with the presence of a thrombotic 
mass in the right atrium. (Courtesy Dr. Melvin M. Figley) 


and especially the right atrium. The tissue removed 
showed evidence of acute fibrinous exacerbation of 
chronic fibrous pericarditis. 

Improvement was transient. Edema soon became 
more pronounced and paradoxical pulse and ascites 
appeared. Auricular fibrillation, cardiac enlarge- 
ment, and the diastolic third sound persisted. On 
December 8, 1949, Dr. Cameron Haight removed 
thickened epicardium from the left ventricle and 
much of the right ventricle, after which the ampli- 
tude of ventricular contractions was good. The right 


normal on all occasions except transient elevations 
following the operations. The white blood cell count 
was 13,800 on November 15, 1946, but was normal a 
few days later and upon all subsequent detern ina- 
tions. The acute fibrinous change observed in the 
tissue removed at the first operation is attribute: to 
the repeated tappings which preceded the opera ion. 


Comment. 


This patient was known to have had } erl- 
carditis with effusion continuously from \0- 





ca 
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vem! er, 1946, to August, 1948, and it probably 
bega : in June of 1943. The cause of the peri- 
eard'‘is was not determined, but it might have 
been caused by the injury to the chest sustained 
in Jine, 1948. The clinical course was chronic 
lead’ 1g finally to constrictive pericarditis. The 
failure to improve satisfactorily after partial 
pericardiectomy on two occasions may be at- 
tributed in part to the presence of a mass, 
probably a thrombus, in the right atrium. It 
is of interest that the angiocardiogram re- 
vealed dilatation and prolonged filling of the 
superior vena cava and slow, irregular filling 
of the right atrium and right ventricle, sug- 
gesting a mass in the right atrium (fig. 3). 


Case 3.--N.H. (U.H. 666733), a 33 year old taxi 
cab driver, was first seen on August 29, 1949, com- 
plaining of swelling of the abdomen. He stated that 
he was not accepted for military service in 1940 be- 
cause of a “leaky heart.’’ There had been no symp- 
toms referrable to the heart until May, 1949. Then 
he developed shortness of breath upon exertion 
which was followed in two weeks by swelling of the 
abdomen and ankles. The dyspnea became more 
pronounced and orthopnea developed. There was no 
pain. The patient was hospitalized elsewhere, digi- 
talis was given and abdominal paracentesis was per- 
formed ‘on three occasions, but improvement was 
only transient. There was no history of rheumatic 
fever, growing pains, chorea or venereal disease. 

Physical examination showed a well developed 
man with pronounced enlargement of the area of 
cardiac dulness, auricular fibrillation, a systolic mur- 
mur over the entire precordium, and a diastolic third 
sound near the apex. There was no friction rub. The 
blood pressure was 125/70. The neck veins were dis- 
tended. The lungs were clear. The liver was enlarged 
and ascites was present. There was no edema of the 
legs 

The electrocardiogram showed auricular fibrilla- 
tion and deflections of small amplitude. X-ray ex- 
am! ation showed marked, generalized, cardiac en- 
larg ment with somewhat diminished pulsation of 
the ‘eft border. The blood Kahn test was negative. 
The »lood count was normal. The urine was normal. 
The ‘otal serum proteins were 7.7 per cent, albumin 
4.8 | or cent and globulin 2.9 per cent. 

I \vas thought at first that the patient might have 
rhe. aatic heart disease with mitral stenosis, but it 
soor became apparent that he had pericarditis with 
effu ‘on. He improved somewhat upon rest, digitalis, 

mium chloride intermittently, and restriction 
lium intake, but the cardiac enlargement, the 
lic third sound, the distension of the neck veins, 

‘ onlargement of the liver persisted and the ascites 

» returned. The pulse was paradoxical at times. 


On September 30 about 600 cc. of clear, straw-colored 
fluid were removed by pericardial paracentesis, after 
which the patient felt better without showing ob- 
jective improvement. On October 31 the pericardium 
was tapped again and 400 ce. of fluid were removed. 
On November 8 a third tap yielded 320 cc. The fluid 
was clear and straw colored with a specific gravity of 
1.017, and the spun sediment showed 10 to 12 cells 
per high power field, mostly lymphocytes; no acid 
fast bacilli were found in smears of the concentrated 
preparations and cultures for pyogenic organisms 
were sterile. 

On December 7, 1949, Dr. Herbert E. Sloan, Jr., 
performed a partial pericardiectomy. The distended 
pericardium was incised and several hundred ce. of 
fluid were aspirated. The heart appeared greatly en- 
larged, chiefly the right ventricle and right atrium. 
The right atrium was a bulging mass 10 by 5 by 4 
cm., motionless and firm, thought to contain a 
thrombus. The left ventricle and left atrium seemed 
normal. The epicardium was smooth and glistening. 
The parietal pericardium was only slightly thicker 
than normal; it was widely resected. The tissue 
showed evidence of chronic fibrous pericarditis. 

The patient was somewhat improved following 
operation, but his symptoms were not entirely re- 
lieved. The cardiac enlargement, auricular fibrilla- 
tion, systolic murmur and diastolic third sound per- 
sisted. The venous pressure was lower, but soon rose 
again and the ascites returned. The temperature was 
normal throughout except during the four days fol- 
lowing operation, and the white blood cell count was 
normal repeatedly. 


Comment. 


This patient had pericarditis with effusion 
from May to December, 1949. The disease ran 
a chronic course without pain, fever or leuko- 
cytosis, but had not progressed to the stage of 
constrictive pericarditis by the time of oper- 
ation in December. The etiology of the peri- 
carditis was not apparent. 

Discussion 

These three cases are clearly examples of 
pericarditis with effusion in which the disease 
was chronic. The painless course of seven 
months to four years or longer, without fever 
or leukocytosis, and the histological evidence 
of chronic fibrous pericarditis, point to chronic 
disease. They cannot properly be classified as 
acute pericarditis. Although they are excep- 
tions to the general rule that pericarditis with 
effusion is acute rather than chronic, it is 
thought that cases of this type are not rare. 
They present several features of interest. 
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In none of these cases was the etiology of the 
pericarditis apparent. The clinical and histo- 
logical findings and study of the fluid yielded 
no evidence of tuberculous or rheumatic 
etiology. In the first patient the disease fol- 
lowed pneumonia the type of which is not 
known, while in the second case the symptoms 
followed an injury to the chest. In the third 
instance there was no preceding illness. The 
fluid resembled a transudate, but the tissue re- 
moved showed evidence of inflammatory dis- 
ease. All three patients were relatively young, 
white males. 

The symptoms were dyspnea, edema and 
swelling of the abdomen, compatible with car- 
diac tamponade but not differing greatly from 
those commonly encountered in mitral stenosis 
with congestive failure. The physical signs were 
those of pericardial effusion with cardiac tam- 
ponade, although at times paradoxical pulse 
was not detected. 

A feature of special interest was the prom- 
inent third sound in early diastole in two of 
the patients, best heard near the apex. Atten- 
tion has been called to a similar sound oc- 
curring in chronic constrictive pericarditis, and 
to its superficial resemblance to the murmur of 
mitral stenosis,® but its occurrence in pericar- 
ditis with effusion has not been emphasized. 

The electrocardiograms obtained in two of 
the patients during normal rhythm, before the 
onset of auricular fibrillation, showed large, 
broad or notched auricular deflections like those 
commonly observed in mitral stenosis. All even- 
tually developed auricular fibrillation. The x- 
ray examination revealed the cardiac enlarge- 
ment, but was of little help in establishing the 
diagnosis of pericardial effusion. It could be 
decisive if angiocardiography were employed, 
and in distinguishing pericardial from pleural 
effusion if films were made after the withdrawal 
of fluid and its replacement by air. 

The diagnosis of pericarditis with effusion 
Was not at first apparent in any of these cases. 
The two patients with diastolic third heart 
sounds were thought at first to have mitral 
stenosis. The absence of the other signs com- 
monly present in mitral stenosis, such as an 
accentuated apical first sound or pulmonic 
second sound, and a more careful evaluation 


of all of the findings soon led to the correct 
diagnosis. The tendency for auricular fibri!la- 
tion to occur, and for the disease to progress 
to chronic constrictive pericarditis is perhaps 
to be expected. 

The finding in two of the patients at oj er- 
ation of evidence of a large, organized throm- 
bus in the right atrium was of interest. I) js 
probable that the mass partly filling the richt 
atrium offered an impediment to the retur, of 
blood to the right heart and thus contribu‘ed 
materially to the elevation of the venous pres- 
sure and to the formation of ascites and ede: na, 
Indeed, in the second case, the angiocaridio- 
grams supported this view, showing dilatation 
and prolonged filling of the superior vena c:va 
and slow, irregular filling of the right atrium 
and right ventricle. This may explain this pa- 
tient’s failure to improve satisfactorily aiter 
wide resection of thickened pericardium on two 
occasions sufficient to permit good ventricular 
contractions. It is thought that the thrombus 
formation in the atrium was secondary to the 
pericardial disease and the auricular fibrillation, 
and not primary. 

SUMMARY 


1. Pericarditis with effusion is sometimes a 
chronic disease. Although this is an exception 
to the general rule that pericarditis with effus- 
ion is acute rather than chronic, such cases are 
probably not rare. Three illustrative cases of 
unknown etiology are described. 

2. Features of special interest are the oc- 
currence of a prominent third heart sound in 
arly diastole near the apex, the observation of 
large, broad or notched P-waves in the elec- 
trocardiograms, the presence of large, organ- 
ized thrombi in the right atrium, and the ten- 
dency to progress to chronic constrictive peri- 
‘arditis. 

3. The diagnosis is often not at first ap- 
parent, the condition being most readily con- 
fused with mitral stenosis. 
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ABSTRACTS 


BACTERIAL ENDOCARDITIS 


Moncke, Co.: Subacute Bacterial Endocarditis with 
Unusual Course. Deutsche med. Wehnschr. 74: 
1425 (Nov.) 1949. 

The author observed 20 atypical cases of subacute 
bacterial endocarditis. The unusual features were 
repeatedly sterile blood cultures, normal or only 
subfebrile temperature, a lack of microembolism 
and, in more than half of the cases, signs of a diffuse 
lomerulonephritis. In 12 cases the diagnosis of sub- 
acute bacterial endocarditis was confirmed at au- 
topsy; however, cultures from the valves remained 
sterile. Because the clinical impression was rather 
that of a foeal infection than that of endocarditis 
lenta, the author suggests the name type F for this 
group, Which he feels will be observed whenever a 
large number of cases of subacute bacterial endo- 
carditis are studied. 

Pick 


BLOOD COAGULATION 


Rosenthal, R. L.: Blood Coagulation in Leukemia 
and Polycythemia; Value of the Heparin Clotting 
Time and Clot Retraction Rate. J. Lab. & Clin. 
Med. 84: 13821 (Oct.), 1949. 

One-half of patients with chronic myelogenous or 
lymphatic leukemia showed a prolongation of the 
heparin clotting time and a decreased clot retraction 
rate and a slight thrombocytopenia. The severity of 
these defects was closely related to the degree of 
hemorrhagic symptoms. Leukemic patients without 
this clotting defect and with normal values for the 
coazulation tests showed no evidence of bleeding. 

Qf the untreated patients with polycythemia vera 
and elevated hematocrits, 33 per cent showed in- 
creised clot retraction rates and platelet counts ele- 
vat above 400,000. A similar percentage of these 
pat: nts had histories of either thrombosis or hemor- 
thas, These studies indicate that the elevation in 
the platelet count is the most important single 
factv in the oecurrence of both hemorrhage and 
thr nbosis in polyeythemia. Therapy should be 
dire ted toward the rapid reduction of an increased 
nun ber of platelets. 

‘le heparin clotting time appears to be the most 
valvable single test or index of coagulation. It is 
rea ily adaptable to both routine clinical and experi- 
metal use and it enables the detection of either 
abi rmally inereased or decreased clotting ability. 

Mintz 


Battle, W. D., Capps, R. T., Orth, O. S., and Meyer, 
O. D.: The Effects of 4-Hydroxycoumarin Anti- 
coagulant No. 63 upon the Prothrombin Time in 
Dogs and Human Beings. J. Lab. & Clin. Med. 
35: 8 (Jan.), 1950. 

The discovery of the anticoagulant dicumarol 
led to the search for a 4-hydroxyecoumarin with 
about the same hypoprothrombinemia-inducing 
capacity as dicumarol, but which also produced less 
toxic effects on small blood vessels. 4-hydroxy- 
coumarin anticoagulant No. 63 was studied and was 
found to have an optimal effect in twenty-four to 
forty-eight hours; this is somewhat shorter than the 
period of optimal effect of a single dose of dicumarol. 
This drug still needs frequent prothrombin determi- 
nations as does dicumarol. From the authors’ ex- 
perience with dogs, 4-hydroxycoumarin anticoagu- 
lant No. 63 has a greater degree of anticoagulant 
action and a duration longer than that of dicumarol 
without the production of hemorrhagic manifesta- 
tions. The potency of 4-hydroxycoumarin antico- 
agulant No. 63 is two to three times as great as that 
of dicumarol. The mechanism of action of this new 
drug has not been established, nor has it been 
precisely determined for dicumarol. Desired distinct 
advantages over dicumarol have not as yet been 
proven. 


MINtTz 
CONGENITAL ANOMALIES 


Gasual, B. M., Richmond, J. B., and Krakower, 
C. A.: A Case of Tetralogy of Fallot with a Patent 
Foramen Ovale (Pentalogy) Showing a Marked 
Left Ventricular Hypertrophy and Left Axis Devi- © 
ation. J. Pediat. 35: 413 (Oct.) 1949. 

The authors present clinical and pathological find- 
ings in a case of tetralogy of Fallot associated with 
patent foramen ovale. Of unusual interest was the 
finding of left axis deviation and hypertrophy of the 
left ventricle. It was concluded that the presence of 
the associated patency of the foramen ovale resulted 
in a shunt from the right to the left side of the heart 
in this case. The hemodynamics probably were very 
similar to those of tricuspid atresia or stenosis. The 
pressure in the right auricle must have been higher 
than that in the left auricle and part of the blood 
probably flowed from the right into the left auricle, 
while the remainder flowed into the right ventricle. 
The additonal blood flowing into the left auricle and 
thence into the left ventricle probably resulted in a 
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gradual hypertrophy and dilatation of both of these 
chambers. The right ventricle in this case was also 
hypertrophied because of the stenosis of the pulmo- 
nary valve and the dextraposition of the aorta. It is 
concluded that a patent foramen ovale in association 
with a tetralogy of Fallot may in some instances 
result in hypertrophy of the left ventricle sufficient 
to produce a left axis deviation in the electro- 
sardiogram. 
SCHWARTZ 


Olim, C. B.: Coarctation of the Aorta at the Level of 
the Diaphragm. Ann. Surg. 180: 1091 (Dec.), 
1949. 

The author presents a case of a young woman who 
at operation was found to have a coarctation of the 
aorta just above the diaphragm. She died five hours 
after surgery was performed. Preoperatively the 
blood pressure in the left arm was consistently 
found to be between 180/140 and 200/140, as com- 
pared with readings of 120/100 and 130/100 in the 
right arm. Blood pressure and pulsations were not 
obtainable in the lower extremities. Pulsations were 
not noticed over the intercostal arteries and there 
were only minimal erosions of the ribs. The aortic 
knob was present but not prominent. 

ABRAMSON 


Bjork, S., and Liedholm, K.: The Femoral Pulse 
Curve in Coarctation of the Aorta. Acta med. 
Seandinav. 186: 97 (Dec. 23), 1949. 

The authors report what they believe to be a 
diagnostic and pathognomonic sign of coarctation of 
the aorta. In 3 patients a characteristic alteration of 
the femoral pulse curve was found. The peak of the 
curve is reached much later than normally. In 
patients with coarctation it is reached after mechani- 
cal systole while in normal subjects it occurs before 
the end of mechanical systole. In addition, there is a 
statistically significant delay in the peak of the 
carotid pulse curve. The secondary peak on the 
steep decline of the normal curve is absent in co- 
arctation because of the absence of reflection of the 
pulse wave from the periphery. 

Normally the femoral pulse wave is dependent on 
the pulse wave initiated by the stroke volume and 
propagated by the aorta. In coarctation the pulse 
wave is delayed and reduced at the constriction, so 
that in the femoral artery the pulse wave is formed 
not by the stroke volume but by fractions of it 
flowing through collateral channels into the distal 
part of the aorta at different moments and at differ- 
ent levels. 

WAIFE 


Ferguson, H., and Porter, C. E.: Complete Heart 
Block Associated with Pregnancy. South. M. J. 
43: 44 (Jan.), 1950. 

Two cases of complete atrioventricular block as- 

sociated with pregnancy are reported, one of them a 


patient who had had two pregnancies. None of the 
pregnancies resulted in cardiovascular complications, 
The cardiac diagnosis in each case was prob ble 
congenital heart block associated with a pa ent 
interventricular septum. These cases further -ub- 
stantiate the evidence that complete heart bloc js 
not in itself a contraindication to pregnancy. 
LEc! s 
CONGESTIVE HEART FAILURE 

Dagnini, G.: The effect of Prolonged Fast on the 

Hydro-Saline Metabolism of Patients in ‘on. 

gestive Failure. Folia cardiol. 8: 207 (Ji ae), 

1949. 

Patients in congestive failure were submitted to a 
prolonged fast. If no edema was present, so: ium 
chloride decreased in the blood and was exeret«d in 
the urine at a gradually decreasing rate. On the 
other hand, if the patients were edematous the 
sodium chloride of the blood did not vary; socium 
chloride was excreted poorly at the beginning and 
then in greater amounts. This increased elimination 
paralleled an increased diuresis, so that the curve of 
elimination of salt and that of water were parallel. 
The total excretion of salt during fast in general is 
remarkable. The author believes that there is a 
temporary reduction of the sodium chloride in the 
blood and that passage of salt from the tissues to the 
blood causes reabsorption of the edema, and diuresis. 

LuISsADA 


Barger, A. C., Richardson, G. S., and Roe, B. B.:A 
Method for Producing Chronic Cardiac Failure in 
Dogs. Proc. Soc. Exper. Biol. & Med. 73: 118 
(Jan.), 1950. 

A form of progressive, chronic, “right-sided”’ car- 
diac failure was produced in dogs by tricuspid valve 
avulsion and pulmonary stenosis. Three dogs thus 
treated developed congestive failure with elevated 
auricular pressure and distended neck veins. The 
dogs also showed decreased work tolerance, hepato- 
megaly, ascites, tachycardia at rest and a relatively 
fixed heart rate during exercise. Two of the hearts 
studied in the heart-lung prepartion showed cardiac 
insufficiency. 

MINTZ 


Tepper, E.: The Effect of Strophanthin on Venous 
Pressure in Heart Failure. Deutsche med. 
Wehnschr. 75: 142 (Jan.), 1950. 

In three groups, consisting of patients without 
heart failure, with left heart failure and with right 
heart failure, venous pressure, arterial pressure, 
pulse rate and respiration were studied at one- 
minute intervals following an intravenous inje:tion 
of 0.25 mg. strophanthin. In the patients wit)out 
heart failure no changes of significance were ob- 
served. In both types of heart failure the pulse rate 
and the diastolic arterial pressure showed a = ight 
decline. The respiration became slower and d:eper 
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in let heart failure and the venous pressure in- 
creas d markedly. In right heart failure the out- 
stan ng change was a drop of the increased venous 
pres: ire, the average fall being 50 mm. of water. The 
yeno is pressure began to fall one minute after the 
injec ion; this could also be observed in cases of 
later. or impending failure. A test injection of 
stro} .anthin is of value in the recognition of heart 
failu > as well as in the differential diagnosis between 
right and left sided failure. 
Pick 


CORONARY ARTERY DISEASE AND 
MYOCARDIAL INFARCTION 


Horlick, L., and Katz, L. N.: Retrogression of 
Atherosclerotic Lesions on Cessation of Choles- 
terol Feeding in the Chick. J. Lab. & Clin. Med. 
34: 1427 (Oct.), 1949. 

The authors studied the effect of cessation of 
cholesterol feeding in chicks on the hypercholes- 
terolemia and atherosclerosis which had been pro- 
duced by such feeding. Within ten weeks after the 
procedure was terminated there was a gradual 
decline in the severity of the lesions, while blood 
cholesterol levels fell to normal within three weeks. 
Microscopically, there were found a diminution and 
disappearance of foam cell deposits, increasing 
fibrotic changes in both the abdominal and thoracic 
portions of the aorta, diminution of grossly stainable 
lipid and heavier calcification. In general, the early 
lesions were completely reabsorbed, while more severe 
lesions underwent regressive and reparative changes. 

ABRAMSON 


Brean, H. P., Marks, J. H., Sosman, M. C., and 
Schlesinger, M. J.: Massive Calcification in In- 
farcted Myocardium. Radiology 54: 33 (Jan.), 
1950. 

The authors present 14 cases with calcification 
within myocardial infarcts. In eight of the cases 
calcification was visible in life. Such calcification is 
most likely to be noted within the fibrosed myo- 
cardium of patients with large myocardial infarctions 
who survive for six years or more. It is most frequent 
in the region of the cardiac apex and may be differ- 
enti:ted from pericardial calcification by its position 
Wit! in heart muscle rather than on the very contour 
of t esilhouette. The authors stress that calcification 
of i: areted myocardium, as in ventricular aneurysm, 
occi'rs in individuals with a predominant right 
cor. .ary artery pattern, or with a balanced pattern, 
but s infrequent when the chief source of blood 
sup y is from the left coronary artery. The clinical 
cou. ec in these patients is the same as in other 
pat: nts with similar grades of infarction who have 
no leification. 

SCHWEDEL 


Ha! be, J. E., and Wright, H. H.: Roentgenographic 
Ltection of Coronary Arteriosclerosis. Am. J. 
I. entgenol. 63: 50 (Jan.), 1950. 


The authors describe a technic for the roentgeno- 
graphic detection of calcified coronary arteries. Four 
spot films are taken on a 10 X 12 inch film. The first 
film, the posteroanterior view, is made with a 3-inch 
cone in close relationship to the posterior chest wall 
to the left of the spine at the atrioventricular junc- 
tion; the second exposure is made with the patient 
turned 5 to 10 degrees into the right anterior oblique 
position, the cone being to the left of the spine; the 
third is made with the patient rotated about 5 to 10 
degrees into the left anterior oblique position, the 
cone being to the left of the spine; the fourth, is made 
with the patient turned about 20 to 30 degrees into 
the left anterior oblique position, the rays being pro- 
jected to the right of the spine. Rapid exposures, 
high (360) milliamperage, and the usual kilovoltage 
(60 to 70 KUP) are desirable. Kymography and 
roentgenoscopy are used chiefly as accessory aids. 
The demonstration of a parallel row of linear or 
punctate calcified material at the expected sites is 
sufficient for the diagnosis. 

The authors have found 28 cases of calcified 
coronary arteries, only 4 of which had right coronary 
artery involvement. Roentgenkymograms at times 
were helpful in demonstrating calcific areas moving 
synchronously with heart motion. 

ScHWEDEL 


Morrison, L. M., and Gonzales, W. F.: Effect of 
Choline as a Lipotropic Agent in the Treatment of 
Human Coronary Atherosclerosis. Proc. Soc. 
Exper. Biol. & Med. 78: 37 (Jan.), 1950. 

In view of the encouraging lipotropic action of 
choline on atherosclerosis in experimental animals, 
the authors made a study of the lipotropic action of 
choline in proven human atherosclerosis. A group of 
230 patients with proved acute myocardial infarction 
were studied. One-hundred fifteen of these patients 
served as controls. The other 115 patients who had 
had acute myocardial infarction were placed on 
choline therapy after discharge from the hospital. 
The dose of choline varied from 6 to 32 Gm. daily 
per individual depending on the patient’s tolerance 
for the drug and the degree of hypercholesterolemia 
present. Of the 115 control patients, 35 patients or ° 
30 per cent died within three years. In the choline- 
treated series of 115 patients, 14 patients or 12 per 
cent died after three years. Thus, over a three-year 
period the lipotropic agent choline was effective in 
reducing the mortality rate due to recurrent coronary 
thrombosis with myocardial infarction. 

Mintz 


ELECTROCARDIOGRAPHY 


Kilaidonis, P., Tilmant, J. Gouffault, J., Deschamps, 
H., and Carouso, G.: Contribution to the Study 
of Left Ventricular Hypertrophy. Arch. d. mal. du 
coeur 42: 700 (July), 1949. 

The authors studied 463 electrocardiograms signifi- 
cant of left ventricular hypertrophy. The tracings 
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were divided into several groups according to the 
etiology and the clinical form of heart failure. One 
group consisted of 67 cases with postmortem control. 

The electrical axis of QRS was found most often 
in the first sextant of Bayley between 0 and minus 30 
degrees. Deviations from this range occurred in 
arteriosclerotic heart disease, in aortic stenosis and 
in arterial hypertension. A right axis deviation was 
not found in the material. In congenital heart disease 
with left heart strain, the QRS axis was usually 
normal and Agrs and Ary were infrequently opposite 
in direction. The electrical position was most fre- 
quently horizontal in all groups. A marked increase 
of the voltage in the standard leads was found if left 
ventricular hypertrophy was produced by aortic 
stenosis and insufficiency; there was less of an in- 
crease if the hypertrophy was due to arteriosclerotic 
heart disease. The same held true with the amplitude 
of 8 in V, and of R in Vs. In more than half of the 
cases the index of White and Bock exceeded or was 
equal to plus 17 mm. This index was normal in most 
of the patients with arteriosclerotie disease and with 
congenital anomalies. In one-third of the cases the 
intrinsicoid deflection in V, was delayed more than 
0.45 sec. and in two-thirds of the cases it was associ- 
ated with an augmented index of White and Bock. A 
QS complex in V; to V; was not indicative of antero- 
septal infarction in the presence of signs of left 
ventricular hypertrophy. The most marked signs of 
left ventricular hypertrophy were found in cases of 
aortic stenosis. 

Pick 


Carouso, G., Deschamps, H., Tilmant, J., Lenegre, 
J., and Kilaidonis, P.: Electrical and Anatomical 
Study of Primary Mixed Cardiopathies. Arch. d. 
mal. du coeur. 42: 711 (July), 1949. 

The authors studied the electrocardiograms of 189 
cases of ‘‘combined heart strain,’ including 148 cases 
of mitral-aortic valvular lesion, 14 cases of mitral 
stenosis with hypertension and 14 cases of hyper- 
tensive heart disease complicated by chronic pulmo- 
nary disease. Eighty-nine cases were in general heart 
failure. In 46 cases left heart failure was present, 
and in 15 eases, right heart failure. No signs of 
heart failure were found in the remaining 39 patients. 
Cases with bundle branch block and signs of myo- 
cardial infarction were excluded from the study. In 
49 of the cases an autopsy control of the clinical data 
was available. 

In their analysis of the electrocardiograms, the 
authors directed their attention to the presence of 
QRS-axis deviation and determination of the electri- 
val position in the limb leads and to signs of rotation 
along the longitudinal axis and signs of right and/or 
left hypertrophy in the chest leads. The authors 
‘ame to the following conclusions based on this 
analysis: In “mixed cardiopathies” (combined heart 
strain) the characteristic pattern in the limb leads 


consists of a QRS axis in the limb leads between 0) 
and +90 degrees, signs of clockwise rotation aiong 
the longitudinal axis and signs of left heart hy»er- 
trophy in the chest leads. In contrast to this pattern, 
pure mitral lesions lack the appearance of left h«art 
strain in the chest leads, and cases with right heart 
hypertrophy secondary to left heart failure usi ally 
show left axis deviation in the limb leads ind 
counterclockwise rotation in the chest leads. 


Pi 


Schaefer, H., and Trautwein, W.: On Elemen 
Electrical Processes in Cardiac Muscle an 
Role for a New Theory of the Electrocardiog: : 
Arch. f.d. ges. Physiol. 251: 417 (Aug.), 194‘ 
The arrival of excitation at the exposed surface of 

the dog heart was measured by recording the ele-tri- 

cal events on a double beam oscillograph by m«ans 
of pairs of small differential electrodes. It was 
demonstrated that the endocardial breakthrough 
occurs simultaneously over various regions; this 
suggests that the conduction system supplies con- 
ducting twigs deep into the muscular layers o/ the 
myocardium. A region opposite the branching o! the 
larger subdivision of the His bundle and located to 
the right of the interventricular suleus was first to 
be activated in all experiments; this region is termed 

“source of excitation” (Quellpunkt der Erregung). 

The authors believe that small individual myocardial 

sections are selectively excited and that these regions 

are relatively isolated from each other during ex- 
citation, while recovery occurs simultaneously over 
much larger sections. 


Hrcut 


Hanssen, P.: The Incidence of Auricular Flutter and 
Auricular Fibrillation Associated with Complete 
Auriculoventricular Dissociation. Acta med. Scan- 
dinav. 136: 113 (Dec. 23), 1949. 

Complete A-V dissociation was found in 66 
patients among 59,000 admissions over a nine-year 
period. Auricular flutter was also present in 7 and 
auricular fibrillation in 8 subjects. There were 38 
males and 28 females. Heart block was permanent 
in 64 per cent, chiefly in those over 60 years of age. 
Forty-two of the 66 had various degrees of the 
Adams-Stokes syndrome. This occurred more fre- 
quently in males but showed no particular age 
distribution. Eighteen per cent had angina pectoris; 
6 per cent had myocardial infarction. Forty-four 
per cent had some degree of heart failure. Bundle 
branch block was noted in 55 per cent of the c-ses. 
There was no sex difference among the cases of 
complete heart block associated with auricular 
flutter or fibrillation. Heart failure with angina 
pectoris was more frequent in this group o! 15 
patients than in patients with complete heart ! lock 
alone. 

WairE 
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HYPERTENSION 
D. iz, C. J., Barreda, P., and Molina, A.: The Mech- 
nism of Nephrogene Hypertension. Rev. clin. 

span., 85: 375 (Dec. 31), 1949. 

(he authors report 2 cases of apparently “‘nephro- 
geve” hypertension, in which decapsulation of the 
ki neys with denervation of the renal pedicle and 
sp inchnic nerve resection resulted in profound hypo- 
te: sion and death in irreversible shock a few hours 
afior the operation. They tried to simulate the mech- 
anism which was active in these patients in animal 
experiments: In 5 dogs hypertension was produced 
by “cellophane nephritis” and two to nine months 
later the kidneys were removed. In all 5 cases a 
marked drop in blood pressure resulted, which 
lasted until the death of the animals. In control ex- 
periments on 8 normotensive dogs, bilateral nephrec- 
tomy brought about a rise in blood pressure up to 
hypertensive levels. The authors’ conclusion is that 
the hypertensive effect emanating from the kidneys 
can be twofold: overproduction of renin or faulty 
production of hypertensinase. It might be difficult 
to decide in an individual case which is the actual 
mechanism, but the latter seems to be the more 
frequent. 

ULLMANN 


Maier, H. C.: Intrathoracic Pheochromocytoma with 
Hypertension. Ann. Surg. 130: 1059 (Dec.), 1949. 
The author reports a case of pheochromocytoma 


in which the tumor was located in the costovertebral 
area just lateral to the upper portion of the descend- 
ing aorta. On removal of the mass, the systolic blood 
pressure dropped from 220 to 110 mm. Hg and a 
few minutes later was barely obtainable. With in- 
travenous adrenalin, a gradual elevation of blood 
pressure occurred. For several years after operation 
the blood pressure ranged between 160/100 and 
180/110 but later it fell to 140/80. 
The author points out that a diagnosis of intra- 
thoracie pheochromocytoma should be considered 
hen a tumor in the costovertebral portion of the 
est is associated with paroxysmal or sustained 
pertension, especially in the younger age group. 
ABRAMSON 


it, M. M., Isberg, E. M., and Bassett, R. C.: 
‘lypertension Complicated by Spontaneous Sub- 
srachnoid Hemorrhage. Am. J. Surg. 78: 912 
Vec.), 1949. 
ibarachnoid hemorrhage of nontraumatie origin 
be the result of a ruptured intracranial arterial 
urysm, extension from a massive intracerebral 
iorrhage, meningeal inflammation, bleeding from 
eoplasm or a blood dyserasia. A ruptured intra- 
nial aneurysm is by far the most common cause. 
during the acute phase of subarachnoid hemor- 
ge, the patient is strictly confined to bed with his 
he-d elevated, and therapy is entirely supportive. 
Lumbar puncture is performed for diagnosis only, 


with the amount of fluid slowly withdrawn being 
no more than 1 to 2 ec. After the acute stage has 
subsided, intracranial arteriography is performed 
and if an aneurysm is revealed which is readily ac- 
cessible to surgical isolation, this is treated in an 
appropriate manner. Since the presence of hyper- 
tension increases the mortality from subarachnoid 
hemorrhage, the authors recommend splanchnicec- 
tomy in such instances in an attempt to produce a 
persistent, significant reduction in blood pressure. 
Through such means the possibility of recurrence 
of bleeding from another aneurysm is decreased. 
ABRAMSON 


Calkins, E., Dana, G. W., Seed, J. C., and Howard, 
J. E.: On Piperidylmethyl-Benzodioxane (933-F), 
Hypertension, and Pheochromocytoma. J. Clin. 
Endocrinol. 10: 1 (Jan.), 1950. 

The authors point out that 933-F “reverses” 
the hypertensive effects of epinephrine but has little 
effect on the hypertension caused by direct sympa- 
thetic stimulation; therefore this drug is of value in 
diagnosing pheochromocytomas, especially if as- 
sociated with a sustained hypertension. Using an 
intravenous dose of 20 mg. of 933-F, they studied 
120 patients with hypertension. In 2 patients with 
polycystic .kidneys, 2 with hypertension of preg- 
nancy, 2 with chronic pyelonephritis, and 1 each 
with chronic glomerulonephritis and Cushing’s dis- 
ease, none responded to 933-F with a fall in blood 
pressure; in fact 3, including the case with Cushing’s 
disease, showed a rise. In only 2 out of the total 
group was there a significant fall in blood pressure, 
the others showing a negligible blood pressure change 
ora rise. Almost all patients developed a tachycardia 
and became flushed; occasionally premature systoles 
were encountered, and some had a fine tremor. Most 
patients complained of palpitation, nervousness and 
a sense of warmth. 

Of the 2 patients with a positive response to 933-F 
one was found to have a pheochromocytoma at 
surgery. The other, a 7 year old female, had a neuro- 
blastoma, removal of which caused a gradual fall 
in blood pressure, and a negative response to 933-F; 
with recurrence, however, the pressure rose again, ' 
and a positive response to 933-F reappeared. Small 
amounts of epinephrine-like substance were ex- 
tracted from the tumor. 

It is postulated that sometimes pheochromo- 
cytomas may produce hypertension indirectly by 
stimulating the pituitary and adrenal, rather than 
directly by the effect of their secretions on the arter- 
iolar bed or cardiac musculature. 

CorRTELL 


Handler, P., and Bernheim, F.: Importance of 
Dietary Protein, Calories and Salt in Experimental 
Renal Hypertension. Am. J. Physiol. 160: 31 
(Jan.), 1950. 


Rats were made hypertensive by a figure eight 
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ligature of the left kidney and removal of the re- 
maining kidney. This type of hypertension was in- 
fluenced by at least three dietary factors: caloric 
intake and protein and sodium content of the diets. 
Restriction of food consumption adequate to permit 
weight maintenance resulted in a fall to normal pres- 
sure levels regardless of the amount of protein of- 
fered. Low protein diets also caused a significant 
reduction in hypertensive readings. Drastic reduc- 
tion of sodium failed to lower pressures in high pro- 
tein fed rats but caused a significant fall to sub- 
normal levels in low protein fed rats. The addition of 
3 per cent sodium chloride to a low protein diet re- 
sulted in marked hypertension. 
HEcutT 


Greco, G. F.: Hypertensive Heart Disease In Older 

Patients. Geriatrics 5: 15 (Jan.—Feb.), 1950. 

In the older patient, hypertensive heart disease 
usually takes a benign course. The condition of the 
vascular tree and not the height of the pressure de- 
termines the progress of the disease. Early roentgen 
findings are a convex rounding of the left border of 
the heart due to left ventricular enlargement, and 
elongation of the silhouette, indicating left ventric- 
ular dilatation and involving chiefly the outflow 
tract extending from apex to aortic valve. The 
rounded apex is displaced to the left and down to- 
ward the chest wall, plunging posteriorly below the 
dome of the diaphragm. The high QRS voltage is 
due to the increased left ventricular mass, with an 
increased potential directed toward the left arm. 
ST-segment depression and T-wave inversion occur 
due to relative myocardial ischemia and to chemical 
changes affecting myocardial nutrition. 

For successful management, the physician should 
become familiar with the personality of the hyper- 
tensive and the patient’s entire life must be reviewed 
in relation to his social and economic goals. Seda- 
tion with bromides and phenobarbital, given rou- 
tinely throughout the day, may lead to confusion, 
restlessness and disorientation. Chloral hydrate and 
paraldehyde are preferred. 

WAIFE 


Perera, G. A.: The Adrenal Cortex and Hyper- 
tension. Bull. New York Acad. Med. 26: 75 
(Feb.), 1950. 

On the basis of observations in animals and in 
man, the author concludes that the adrenal cortex 
is related to hypertension. He reports that, in ani- 
mals: (1) Bilateral adrenalectomy interfered with 
the development of experimental renal hypertension 
and also abolished or impaired renal capacity to form 
vaso-excitor materials under anaerobic conditions 
in vitro, even in animals maintained on high salt 
diets. (2) Large doses of pituitary adrenocortico- 
tropic hormone at times stimulated the juxtaglo- 
merular apparatus which may secrete a vasopressor 
material. (3) Desoxycorticosterone acetate (DCA) 


plus salt produced cardiac and renal enlargement in 
dogs and also caused hypertension in nephritic rts, 

In human subjects, he found that: (1) Prolonved 
administration of DCA at times produced hy; er- 
tention in patients with Addison’s disease as +-ell 
as in normotensive subjects without adrenal dise: se, 
(2) DCA, 10 mg. daily for one week, caused a pro: ipt 
rise in blood pressure in hypertensive patients ut 
not in normotensives. (3) Rigid restriction of sod im 
chloride masked the pressor response of hyper‘ = 
sives to DCA. (4) Cortisone, 80. mg. daily, caus 
small decreases in blood pressure in four hyper'e 
sive patients and an increase in one patient \ 
Addison’s disease. 

Wun : 


Green, D. M. and Peterson, E. M.: Hyperten:i 
Encephalopathy after Administration of Berzo- 
dioxan. J. A. M. A. 142: 408 (Feb. 11), 1950 
A 55 year old woman with paroxysmal hy)er- 

tension, associated with attacks of blurred vision 

and right-sided convulsions, received 10 mg. of 
benzodioxan per square meter intravenously. Within 
six minutes her blood pressure rose from 168/96 to 

190/110. This was associated with convulsive twitch- 

ings and thick speech. The attack subsided without 

residual signs after intravenous sodium amytal. 

This attack mimicked her previous attacks exactly. 

The cold pressor test and a histamine test did not 

provoke such a reaction. It is concluded that ben- 

zodioxan has a sympathomimetic action in a sus- 
ceptible person. 
WAIFE 


PATHOLOGIC PHYSIOLOGY 


Poli, G., and Rossi, C. R.: Influence of the Liver 
on Cardiac Activity. Arch. di fisiol. 48: 143 (Jan. 

20), 1950. 

Experiments in which the livers of dogs were ex- 
cluded from the circulation confirmed the known 
fact that this organ exerts a favorable action on the 
heart. When a liver was included in the circulation, 
or when hepatic blood was injected, both mean and 
pulse pressure increased. Regular, slow undulations 
of the blood pressure were observed after exclusion 
of the liver, while a steady level of the blood pressure 
was maintained after injection of hepatic blood. 
The above observed phenomena were not due to 
mechanical or chemical effect of the injected solution, 
as proved by several control studies. 

The authors are still uncertain whether to admit 
a hepatic hormone or the existence of other actions. 
One possibility is that the liver removes from the 
blood some depressant metabolic product so that it 
can not reach the heart. In other words, the observed 
phenomena might be caused by toxic properties 
acquired by the plasma when the liver is no’ in- 
cluded in the circulation. 

LuIsaia 
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Rovgier, G. and Cabanes, L.: Cardiac Output in 

Ligh Altitude. Compt. rend. Soc. de biol. 113: 

| $5 (Sept.), 1949. 

|. order to determine the cardiac output in man 
unc-r anoxemic conditions, the authors placed 
hea hy individuals in a low-pressure chamber for 
half an hour and lowered the atmospheric pressure 
wit! in twenty minutes to values corresponding to 
an . \titude of 4000 meters. An increase of the car- 
diac output, determined by the ethyl iodide method, 
fron. 30 to 50 per cent was observed. In untrained 
persons this was due mainly to an increase of the 
heart rate, in trained individuals mainly to an in- 
crease of the stroke volume. Following exercise under 
anoxemie conditions a further increase up to 75 per 
cent occurred. 

Pick 


Maier, H. C.: Blood Stasis in the Lurigs as a Factor 
in the Etiology of Postoperative Pulmonary Com- 
plications. Ann. Surg. 130: 790 (Oct.), 1949. 

The role of circulatory stasis in the lungs as an 
etiologic factor in postoperative pulmonary com- 
plications is emphasized by the author. Normally 
the lungs can accommodate large quantities of blood 
in their capillary beds without any increase in ex- 
ternal dimensions. The increased volume of blood in 
the lungs causes encroachment on the alveolar spaces 
by the engorged capillaries. When the subject as- 
sumes the recumbent position, there is a reduction 
in vital capacity, since the lungs now serve as a 
storage place for the blood which has drained out of 
the veins in the lower extremities. Because of the 
muscular inactivity and depressed function of the 
surgical patient during and immediately after opera- 
tion, there is a demand for less blood in large por- 
tions of the body. As a result, accumulation of blood 
occurs in the lungs. Abnormal respiratory excursions 
and lack of change in body position over a period of 
hours further contribute to circulatory stasis. The 
blood stasis particularly when present in the depend- 
ent parts of the lung, predisposes the postoperative 
patient to the development of atelectasis and pneu- 
monia. More attention should therefore be directed 
to the avoidance of pulmonary blood stasis. 

ABRAMSON 


Gossels, C. L.: Auricular Fibrillation Caused by 
Electric Accident (Effects of Electric Current on 
the Human Body). Exper. Med. & Surg. 7: 335 

ov.), 1949. 

‘he author reports the case of a 49 year old man 
pre iously in good health who touched the lower 
wir s of a high tension power line with an aluminum 
lad: or, He was instantly knocked to the ground and 
ren. ined unconscious for several minutes. A short 
tim later an examination revealed a ventricular 
rat’ of 130 with a barely palpable pulse and a blood 
pre sure apparently too low to be recorded. Three 
hous after the accident the blood pressure was 80/60 


and auricular fibrillation with ventricular premature 
beats was observed on the electrocardiogram. The 
pulse rate was 120. For the following two days the 
pulse and blood pressure remained in the same range. 
The patient was digitalized and on the following day 
(the third day after the accident) the electrocardio- 
gram was normal. It was not until the fifth day that 
the blood pressure increased to 140/70. A slight 
tremor of the hands remained for a longer period of 
time. 

A review of the literature by the author shows 7 
reported cases of auricular fibrillation, or auricular 
flutter, after electrical accidents. The pathologic 
finding in electrical fatalities is intensive blood 
stasis. Anatomical lesions of the heart are rarely seen. 
Rupture of the myocardial fibers and fragmentation 
of the myocardium have been reported. 

MARGOLIES 


Akman, L. C., Silber, E. N., Miller, A. J., and Katz, 
L. N.: Repolarization in the Dog Ventricle: Ef- 
fects of Heating and Cooling Entire Epicardial 
Surface. Am. J. Physiol., 159: 492 (Dec.), 1949. 
Cooling and warming the entire epicardial sur- 

face of the hearts of 7 dogs by perfusing the intact 

pericardial sac with isotonic saline solution produced 
opposite effects in the direction of the T wave in 
standard bipolar limb leads and in unipolar limb 
leads. Heating the epicardial surface caused increase 

in height of T; cooling resulted in inversion of T. 

S-T segment shifts occurred only at maximal tem- 

perature ranges, and the duration of the Q-T in- 

terval increased in direct proportion to the coldness 
of the perfusate. The authors conclude from these 
experiments that an endocardial-epicardial gradient 
exists during repolarization. 

HEcHT 


McCann, W. S.: Some Neglected Aspects of Car- 
diology. Circulatory Function of the Respiration. 
Am. J. Med. 8: 62 (Jan.), 1950. 

The author describes the action of the lungs as a 
check-valve capable of regulating the transfer of 
blood from the right ventricle to the left; he thus 
seeks to clarify certain apparent discrepancies in the ° 
operation of Starling’s law and the genesis of con- 
gestive failure of the circulation. 

The extensive pulmonary capillary network re- 
ceives blood from both ventricles through the pul- 
monary and bronchial arteries. If one pulmonary 
artery is ligated these capillaries will fill and become 
distended from the higher pressure bronchial arter- 
ies. The pressure within this capillary network is the 
result of intra-alveolar air pressure, pulmonary and 
bronchial arteriolar pressure and pulmonary venous 
pressure. The appearance of the lung of the guinea 
pig at simulated high altitude is identical with that 
of a dog after ligation of a pulmonary artery or of a 
man with congestive failure; all show engorgement 
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of the capillaries of the alveolar walls with thicken- 
ing and encroachment upon the alveolar spaces. 
Low oxygen tensions have been proved to increase 
pulmonary artery pressure in man and experimental 
animals apparently as the result of local arteriolar 
and precapillary constriction, accompanied, in the 
experimental animal at least, by systemic and there- 
fore bronchial artery dilatation. The author believes 
that the changes in the lungs in congestive failure 
are not passive and that they may depend almost 
entirely upon anoxia rather than on back pressure 
from the left atrium. He states that there are indi- 
cations that certain mechanisms, such as bronchial 
constriction, pulmonary arteriolar constriction, veno- 
pressor tone, right heart tone and rate of diuresis, 
operate to cushion the effect of a sudden increase in 
blood volume, venous return and atrial pressure and 
thus protect the alveolar capillaries from rupture. 
He then constructs a theory as to the manner in 
which this check valve function of the lung takes 
part in the genesis of congestive failure of the circu- 
lation. 
H. D. Levine 


Wegria, R., Keating, R. P., Ward, H. P., Dreyfuss, 
F., Frank, C. W., and Blumenthal, M. R.: Effect 
of Auricular Fibrillation on the Coronary Blood 
Flow. Am. J. Physiol. 160: 177 (Jan.), 1950. 
Measurement of coronary blood flow in sixteen 

dogs through the left anterior descending coronary 

artery by means of an electromagnetic rotameter 


revealed that during the onset of electrically induced 
auricular fibrillation a sharp drop occurs in coronary 
flow which is returned to normal and better than 
normal levels within a few seconds. Upon cessation 
of the irregularity coronary flow increases and re- 
mains high for several minutes. 


Hecur 
PATHOLOGY 


Levy, A. L., and Patterson, M. C.: Acute Sero- 
fibrinous Pericarditis of Undetermined Cause. 
A Study of Twenty-Seven Cases. Am. J. Med. 
8: 34 (Jan.), 1950. 

The authors describe a group of 27 patients with 
chest pain, most of whom had a friction rub and 
enlargement of the roentgen-ray shadow of the 
heart. In these patients neither the clinical course 
nor subsequent prolonged observation (six months 
to sixteen years, average five and one-half years) 
established the existence of either rheumatic fever 
or myocardial infarction. In most cases the attack 
followed in the wake of an acute upper respiratory 
infection or an atypical pneumonia. The pain ra- 
diated in the majority of cases, was more often inter- 
mittent than continuous, and in most cases was 
aggravated by deep breathing, cough or movement 
of the body. Dyspnea was experienced by 14 patients 
and 5 of these required the erect posture for comfort. 
A pericardial friction rub was heard in 19 cases. 


In not a single instance were there signs of shock 
or cardiac insufficiency. Left pleural effusion was 
present in 14 cases, complicated by right plural 
effusion in six. The course was variable in sev rity 
and duration but the prognosis for recovery was 
always good. The occurrence of fever, a friction yyb 
or an increase in the sedimentation rate on the ‘irst 
day of the illness was helpful in differentiating this 
type of pericarditis from that type complic ‘ing 
myocardial infarction. Over a period of from two 
weeks to three months (average six weeks) the 
electrocardiogram showed distinctive changes i), the 
RS-T segment and T waves without depressed |: 5-T 
segments, a Q pattern or prolongation of the P-R 
interval. Recurrences, milder than the origins! at- 
tacks, occurred 4 times in 3 cases. The antist«:)to- 
lysin titer was generally not elevated but it was ‘igh 
in two patients from whose throats a hemolytic 
streptococcus was grown. Penicillin, streptoiycin 
and sulfadiazine had no apparent beneficial ¢/‘ect 
on the pericarditis. There was no evidence that this 
condition is a precursor of constrictive pericarditis, 


H. D. Levin 


Gottlieb, C., and Peck, W. K.: Report of a Case of 
Rupture of the Thoracic Aorta. Am. J. Roentgenol. 
63: 63 (Jan.), 1950. 

The authors report the clinical and autopsy find- 
ings of a case of rupture of a saccular aneurysm of the 
lower thoracic aorta. The presenting symptoms at 
the time of admission simulated an acute gastroin- 
testinal perforation. There were physical and roent- 
genographic signs suggesting a pneumonic con- 
solidation in the right lower chest, but successive 
thoracenteses indicated a moderate serosanguinous 
effusion, followed within a few days by the aspira- 
tion of a thick bloody fluid which did not clot. The 
patient died about six weeks after the onset of symp- 
toms. The necropsy findings were those of pinpoint 
perforation into the right pleural space. 

SCHWEDEL 


PHARMACOLOGY 


Salter, W. T., Sciarini, L. J., and Rubin, B.: Ino- 
tropic Synergism of Cardiac Glucosides with Cal- 
cium Acting on the Frog’s Heart in Human 
Serum. J. Pharm. & Exper. Therap. 97: 314 
(Nov.), 1949. 

The authors describe a method for measuring 
minute quantities of digitoxin and ouabain in the 
serum of both experimental animals and _ patients 
under digitalis therapy. The frog’s heart was use| as 
a biological indicator. The inotropic effects rather 
than the toxic effects were measured. The autiiors 
believe that previous reports of the rapid disappcar- 
ance of digitalis glucosides from the serum are in ¢:Tor 
because the previous technics were too crude t» de- 
tect small quantities. At low levels the evalus'ion 
can be made in terms of calcium ions, when pH «nd 
potassium are controlled. 
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e contractile response of the frog heart bathed 
human serum was depressed by the addition 
trate. This depression was mitigated by the 
juent addition of ouabain or digitoxin. It was 
le to transform the citrate values into equiva- 
calcium concentrations for the serum in ques- 
When equilibrated with ouabain dissolved in 
n serum, the frog heart retained the inotropic 
after being transferred to Krebs-Hensleit solu- 
When human serum was diluted with calecium- 
Krebs-Hensleit solution, the calcium-protein 
lex behaved as a calcium buffer. Twenty per 
human serum (two parts of serum to eight of 
ium-free synthetic solution) had a caleium-ion 
‘centration of approximately 0.54 mm. In 3 cases 
mgestive heart failure, one of which was treated 
‘!; ouabain intravenously and 2 of which received 
-itoxin orally, the serum concentration remained 
evated for over an hour. The higher figures for 
digitoxin reflected largely the lower potency of 
digitoxin as compared with ouabain. 
GODFREY 


Ruskin, A., and Johnson, J. E.: Cardio-Depressive 
Effects of Mercurial Diuretics. Cardio-Protective 
Value of BAL, Ascorbic Acid and Thiamin. Proc. 
Soc. Exper. Biol. & Med. 72: 577 (Dec.), 1149. 
The purposes of this study were to learn the spe- 

cific effects of Mercuhydrin on conduction and elec- 
trical systole in the isolated rabbit heart; to compare 
its myocardial toxicity with that of other organic 
mereurials; and to evaluate the detoxifying effects 
of BAL, ascorbie acid and thiamin, used before and 
after the mercurial compounds. 

Mercuhydrin caused prolonged atrioventricular 
and intraventricular conduction time, prolonged the 
electrical systole, and produced dropped beats and 
cardiac asystole. Preliminary BAL, ascorbic acid 
and thiamin, in descending order of efficacy, raised 
the blocking and cardiolethal dosages of Mercuhy- 
drin. The same drugs given after the mercurial 
compound partially reversed the cardiac effects. 
Theophylline ethylene diamine and epinephrine ex- 
hibited lesser cardio-protective activity. Magnesium 
sulfate, niacin and riboflavin had no cardio-protec- 
tive activity. 

Mintz 


Ruskin, A., and Johnson, J. E.: Cardio-Depressive 
Effects of Thiomerin: Cardio-Protective Attempts 
with BAL, Ascorbic Acid and Thiamin. Proc. Soc. 
\ixper. Biol. & Med. 72: 572 (Dec.), 1949. 

Che purposes of this study were (1) to obtain 
comparative cardiotoxie and cardiolethal dosage 
levels of Thiomerin and (2) to determine the cardio- 
pi otective effects of BAL, ascorbic acid and thiamin 
usd before and after Thiomerin in the isolated per- 
fu-ed rabbit heart. 

fhiomerin prolonged atrioventricular and intra- 
vi itriecular conduction times, prolonged electrical 


systole, and produced transient ventricular ectopic 
beats and ventricular fibrillation. Large doses of 
Thiomerin produced marked cardiac slowing, asys- 
tole, cardiac dilatation and decreased contractility 
of the heart. To a much lesser extent than other 
mercurials, Thiomerin produced monophasic type 
S-T segment displacements, doming and inversion 
of the T wave. The cardiotoxicity of Thiomerin is 
less than 1/200 that of Mercuhydrin and 1/1000 
that of Salyrgan, theophylline and Mercuzanthin. 
The cardiolethal ratios of Thiomerin to Mercuhydrin 
are less than 1:700; the ratio of Thiomerin to the 
other mercurials is 1:1,800. 

When Thiomerin was preceded by BAL, approxi- 
mately 2 times the usual cardiolethal dose was tol- 
erated. BAL also reversed the prolonged atrioven- 
tricular and intraventricular conduction times. 
Ascorbic acid increased the cardiolethal doses of 
Mercuhydrin and Mereuzanthin but not of Thio- 
merin. The slight conduction effects of small doses 
of Thiomerin were often partly reversed by ascorbic 
acid. Thiamine protected against cardiolethal doses 
of Mercuhydrin but not against those of Thiomerin. 

Mintz 


Knowlton, A. I., Loeb, E. N., Stoerk, H. C., and 
Seegal, B. C.: The Development of Hyperten- 
sion and Nephritis in Normal and Adrenalectom- 
ized Rats Treated with Cortisone. Proc. Soc. 
Exper. Biol. & Med. 72: 722 (Dec.), 1949. 

This study was undertaken to determine the in- 
fluence of cortisone upon the development of hy- 
pertension and nephritis in both intact and adren- 
alectomized rats. The administration of cortisone 
did not prevent the development of experimental 
cytotoxin serum nephritis in the rat. Moderate hy- 
pertension developed in nephritic rats with intact 
adrenal glands when cortisone was injected, whereas 
severe hypertension appeared in adrenalectomized 
nephritic rats similarly treated with cortisone. The 
nephritic rats rendered hypertensive by the admin- 
istration of cortisone presented no greater histologic 
evidence of renal damage than did normotensive 
control nephritic animals. 

Mintz 


Garb, S.: Inotropic Action of Epinephrine, Norepi- 
nephrine, and N-Isopropyl-Norepinephrine on 
Heart Muscle. Proc. Soc. Exper. Biol. & Med. 
78: 134 (Jan.), 1950. 

Goldenberg and associates stated that “nor-epi- 
nephrine hypertension is due to an increase of total 
peripheral resistance, with no significant change, 
or even a drop in cardiac output, whereas epinephrine 
hypertension is the result of a significant increase of 
cardiac output.” It is not clear which of the factors 
that determine cardiac output are responsible for the 
difference of response to epinephrine and _ norepi- 
nephrine. One factor which can be evaluated is the 
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effect of the two substances on the contractile force 
of myocardium. 

The authors found that both dl-norepinephrine 
(Arterenol) and N-isopropyl-norepinephrine (Isu- 
prel) exert an inotropic action on heart muscle which 
is at least as great as that produced by U.S.P. 
epinephrine. This report indicates that the differ- 
ences in cardiac output which Goldenberg et al. 
reported are probably not due to a lack of inotropic 
effect by dl-norepinephrine. 

MINtTz 


Ch’en, J. S., and Freeman, S.: The Removal of 
Cations From Solutions and the Rat’s Alimentary 
Canal by H-Form Resins. J. Lab. & Clin. Med. 
35: 99 (Jan.), 1950. 

Experiments on the combining capacities of the 
cation exchange resins Nalcite HCR, Duolite C-3, 
and Amberlite IR indicate that Nalcite HCR is 
the most efficient as judged by the uptake of sodium, 
potassium and calcium from solution. 

Sodium, potassium and calcium can be removed 
from the animal body in significant amounts by the 
ingestion of cation exchange resins. The relative 
affinity of the resin for different cations and the 
cation content of the diet both influence the extent 
to which various cations will be removed from the 
body by resin. The in vitro and in vivo uptake of 
sodium by H-form resins is suppressed by calcium 
and potassium ions. A high calcium diet markedly 
interferes with the uptake of potassium and sodium 


of the resin. It may be possible to remove selectively 
cations from the body by proper control of the cation 
content of the diet and the form and amount of in- 
gested resin. 


MINTz 


Wakim, K. G., Peters, G. A., and Horton, B. T.: 
The Effects of A New Sympatholytic Drug (Pris- 
col) on the Peripheral Circulation in Man. J. 
Lab. & Clin. Med. 35: 50 (Jan.), 1950. 

The venous occlusion plethysmograph with a 
compensating spirometer recorder, the digital ple- 
thysmograph and potentiometric recording of the 
skin temperature over various regions of the body, 
including the fingers and toes, was used to study the 
effects of Priscol on the peripheral circulation in man. 
Intravenous administration of 50 mg. of Priscol in 
2 cc. of solution within a period of two minutes pro- 


duced a definite increase in blood flow in the fore-’ 


arms and legs, which lasted several hours. The sys- 
tolic blood pressure increased an average of 6 mm. 
Hg and the diastolic decreased an average of 11 
mm. These changes in blood pressure were transi- 
tory; within fifteen minutes of the administration of 
this drug, the blood pressure returned to the pre- 
injection level. The heart rate increased an average 
of 26 beats per minute, and the rate returned to nor- 
mal within fifteen minutes after the injection of the 
drug. There was a definite increase in the amplitude 


of the pulse even during the rapid heart rate »ro- 
duced by Priscol. Priscol produced the greatest jp- 
crease in skin temperature over the lower extremi- 
ties, especially the toes. 

MIN‘ z 


Barrow, J. G.: Treatment of Paroxysmal Su>ra. 
ventricular Tachycardia with Lanatoside C. \nn. 
Int. Med. 32: 116 (Jan.), 1950. 

Lanatoside C was given intravenously to 26 pa- 
tients who had the clinical and electrocardiogra hic 
findings of paroxysmal supraventricular tachyca dia, 
after carotid sinus and ocular pressure, gagging, and 
Valsalva maneuver had failed to terminate the 
arrhythmia. A period of 60 to 120 seconds was ised 
for the injection and a total of 1.2 mg. of the lrug 
was used as a routine procedure. If in 30 minute: the 
rhythm had not reverted to normal, 0.4 mg. more of 
the drug was given intravenously. Usually before a 
second dose of lanatoside C was given, carotid sinus 
and ocular pressure were tried again. In all the pa- 
tients, normal rhythm was restored within one and 
one-half hours after administration of the prepara- 
tion referred to above. 

WENDKOs 


PHYSICAL SIGNS 


Alslev, J.: The Clinical Picture of the Dissecting 
Aneurysm of the Aorta. Deutsche med. Wehnschr. 
74: 1422 (Nov.), 1949. 

Basing his discussion on 4 observations with post- 
mortem controls, the author describes the clinical 
features of dissecting aneurysm of the aorta with 
special reference to the differential diagnosis between 
it and acute coronary occlusion. The radiation of the 
pain, which may be excruciating, sometimes follows 
the course of the aorta. Restlessness, singultus and 
thirst may be observed here more often than in 
myocardial infarction. Pre-existent hypertension 
may persist up to twelve hours after the onset of the 
attack. Anuria may be observed as a result of dis- 
section of the renal arteries or of shock. In one case 
an acute abdominal picture was present with un- 
usual bradycardia. In the only case in which the 
correct diagnosis was made during life there was a 
marked anemia, extensive cutaneous hematomata, 
abdominal distention and a paraplegia of the lower 
extremities. 

Pick 


PHYSIOLOGY 


Page, I. H., Taylor, R. D., and Prince, Ralph: 
Noradrenalin-like Substance in Blood Demonstra- 
tion by Cross-Circulation. Am. J. Physiol. 159: 

440 (Dec.), 1949. 

Cross circulation experiments in dogs den on- 
strated the presence of a normally occurring pre~sor 
substance in the blood of normal dogs and of : ogs 
whose liver, kidneys, spleen or adrenal glands ad 
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been removed. The blood of dogs with experimental 
rena! hypertension seemed to contain greater 
amo nts of the substance than normal controls 
but ts occurrence was not sufficiently regular to 
sugg st that the substance played a part in the 
main'enance of this type of hypertension. The indi- 
cato: dogs, into which 600 to 1000 ml. of heparinized 
dog lood was transfused, were made highly sensi- 
tive | y either nephrectomy or spinal cord section from 
C-6 caudad with carotid sinus denervation, or both. 
Pressure rises of 50 to 75 mm. Hg were observed 
during the infusion lasting from five to seven minutes 
with or without the donor dog in the circuit. 

It is assumed that the pressor substance has many 
of the characteristics of norepinephrine because 
methods whlch sensitize norepinephrine enhance the 
blood pressure response, adrenergic blocking agents 
(Dibenamine and Pricoline) abolish the effects, and 
because infused norepinephrine, in contrast to epi- 
nephrine, can be cross-circulated with similar ef- 
fects. Perfused blood alone, therefore, appears to be 
capable of exhibiting vasoactive properties. 

HEcHT 


Juergensen, E.: Posture and Circulation. Deutsche 

med. Wehnschr. 74: 1530 (Dec.), 1949. 

The author observed a high incidence of liver en- 
largement in two groups of workers: wine growers 
and dental surgeons. Both occupations require pro- 
tracted and strenuous work in a more or less fixed 
upright position. This leads, in the author’s opinion, 


to an interference with the normal liver circulation 
and to a general circulatory disturbance, of which 
liver enlargement is the earliest sign. 

Pick 


Holldack, K.: The Significance of the Physiology 
of the Human Ear in the Daily Practice of Auscul- 
tation. Deutsche med. Wehnschr. 74: 1497 (Dec.) 
1949. 

The diagnostic possibilities of auscultation have 
limitations due to the fact that the human ear can 
distinguish sounds and murmurs only within a 
certain range of intensity, frequency and time se- 
quence. Thus, the differentiation of systolic and 
dia:tolic (presystolic) murmurs is possible only if 
the. begin at least 0.1 sec. before or after the first 
hex: t sound. The quality of the first sound depends 
on ‘his anatomical state of the mitral valve. Calci- 
fiea'ion of the leafllets leads to a decrease of its in- 
ten ‘ty. A loud first sound is due to a “‘misplacement”’ 
of ie leaflets at the beginning of systole, and is 
fou 1 with a short A-V conduction time or with in- 
cor plete filling of the left ventricle in mitral stenosis 
or ‘n shock. Additional (gallop) sounds cannot 
al. .ys be distinguished with certainty. A triple 
he: t rhythm heard only during inspiration indicates 
sp! ting of a heart sound. A true gallop sound has a 
der > character. If the latter is heard together with a 
lou | first sound, it indicates mitral stenosis even if 


no diastolic murmur is present. This combination is 
found only if thickening of the mitral leaflets is con- 
fined to the free border. Only such cases are suitable 
for a surgical approach to the valvular lesion. 

Pick 


Kempf, J. E., and Chang, H. T.: The Cardiac Out- 
put and Circulation Time of Ferrets. Proc. Soc. 
Exper. Biol. & Med. 72: 711 (Dec.), 1949. 

The ferret has been used as a laboratory animal 
for the study of numerous viral infections because of 
its susceptibility to these diseases. Diseases studied 
have been influenza, fowl-pox, swineherd’s disease, 
Rift Valley fever, poliomyelitis, canine distemper 
and lymphocytic choriomeningitis. The ferret, be- 
cause of its larger size, might serve better than the 
mouse or other rodents for investigations of these 
problems. Since little is known of the normal phys- 
iology of this animal, the present study was under- 
taken to study its cardiovascular function. 

The mean cardiac output per minute per square 
meter of body surface for a group of 10 normal fer- 
rets was found to be 2.476 liters. The average cir- 
culation time by the fluorescein technic was 6.8 
seconds and 4.5 seconds as determined by the cya- 
nide method. The average mean arterial blood pres- 
sure was 147 mm. Hg. 


MINTz 


RHEUMATIC FEVER 


Wedlum, B. G., Darley, W., Rhodes, P. H.: Preva- 
lence of Rheumatic Heart Disease at High Ailti- 
tudes. Am. J. Dis. Child. 70: 205 (Feb.), 1950. 
Colorado has been among the first five states 

with large death rates from rheumatic heart disease 

among school children for a period of over twenty 
years. For this reason, a study was conducted to 
determine the prevalence and severity of rheumatic 

heart disease at high altitudes. A total of 1017 

children living at an altitude of 10,000 feet or above 

were examined. Ten children were found to have 
rheumatic heart disease, an incidence of 1 per cent, 
and seven had possible rheumatic heart disease. The 
authors conclude that rheumatic heart disease is 
not unusually prevalent or severe in children living ‘ 
at an altitude of 10,000 feet or above. 
MARGOLIES 


ROENTGENOLOGY 


Fuchs, G.: The X-ray Differential Diagnosis of the 
“Small Heart.’’ Wien. med. Wehnschr. 99: 535 
(Nov.), 1949. 

Two types of the so-called “small heart” should 
be distinguished. The first type, found in asthenic 
but otherwise normal persons, is associated with a 
narrow thoracic cage and appears small by x-ray 
examinations because of its vertical position. The 
true small heart is more horizontal and is due to a 
congenital hypoplasia or may develop in dehydration 
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or as a consequence of chronic cachectic processes. 
The author reports one such observation on a patient 
with lymphosarcoma, in whom a cardiothoracic ratio 
of 1:2.6 was found and whose heart was placed 
horizontally within the thorax. At autopsy the 
heart was very small and showed marked brown 
atrophy of the myocardium. 
Pick 


Broden, B., Jonsson, G., and Karnell, J.: Thoracic 
Aortography. Observations on Technical Problems 
Connected with the Method and Various Risks 
Involved in Its Use. Acta radiol. 32: 498, 1949. 
The authors discuss the problems associated with 

the injection of a contrast medium into the aorta 
through a catheter inserted into the radial artery 
and by way of a cannula inserted into the common 
carotid artery. Their discussion is based on observa- 
tions of 21 cases of aortic coarctation and 15 cases 
of patent ductus arteriosus. 

In performing thoracie aortography with a 
vatheter inserted with the right radial artery they 
met with the problems of arterial spasm, difficulty 
in directing the catheter into the aorta, and in bring- 
ing the tip of the catheter into correct position, 
especially into the ascending aorta. In the case of 
aortography with a cannula they stress that the 
outer of the double cannula must be inserted deeply 
enough to reach the aorta. To lessen cerebral com- 
plications (hemiparesis, convulsions) they suggest 
the injection of 50 ce. of 50 per cent rather than 70 
per cent of organic iodine. The dye is injected with a 
specially constructed pressure apparatus through 
the catheter or the cannula, in from three to five 
seconds. Anteroposterior and lateral view roent- 
genograms are taken simultaneously. 

SCHWEDEL 


Jonsson, G., Broden, B., and Karnell, J.: Selective 
Angiocardiography. Acta radiol. 32: 486, 1949. 
The authors describe a method of angiocardi- 

ography in which the opaque dye is injected through 

a ureteral catheter (8F-9F). By selecting the site of 

the catheter tip various portions of the right atrium 

and right ventricle may be visualized. Apparently 
no better visualization of the left-sided chambers is 
obtained by injecting the dye into the pulmonary 
artery, except that there are no overlying densities 
due to residual dye in the right heart chambers. 


Demonstration of infundibular and pulmonic valvu- 


lar abnormalities is usually better than with the 
older technics. 


ScHWEDEL 


SURGERY IN HEART AND VASCULAR 
SYSTEM 

Ray, B. S., and Console, A. D.: Evaluation of Total 

Sympathectomy. Ann. Surg. 130: 652 (Oct.), 1949. 

The authors present the results obtained in 30 

hypertensive patients subjected to total paraverte- 


bral sympathectomy, extending from the stellat:. to 
the third lumbar ganglia. Two in the series died «5 g 
result of the operation. 

A quantitative relationship was found to exist 
between the extent of the sympathectomy and the 
degree of lowering of the blood pressure; this ap- 
peared to be dependent upon the more widesp) cad 
vasomotor paralysis which followed total syn pa- 
thectomy. However, the percentage of improved 
results in the blood pressure lowering effect was not 
great enough to justify the somewhat greater 1.or- 
bidity and mortality which attend the total syn pa- 
thectomy, as compared with a lesser operation -uch 
as the thoracolumbar, T-7 or T-8 to L-3, and the 
splanchnic nerve resection. The advantages of 1 tal 
sympathectomy were that, since the stellate gai.lia 
were removed bilaterally, there was an abolitic: or 
improvement of anginal pain because of interruption 
of afferent nerves that traverse the sympathctics, 
and also a slowing of the heart rate because of 
interruption of the accelerator nerves. Despite the 
extent of the operation, there was a partial return 
of tonus, probably due to the presence and aug- 
mented activity of residual sympathetic nerves which 
do not pass through the paravertebral ganglionated 
chains, the splanchnic nerves, or the celiac ganglia. 

ABRAMSON 


Babcock, W. W.: Aortic Aneurysm. South. M. J. 43: 

(Jan.), 1950. 

Most aortic aneurysms are due to degenerative 
arterial disease, which renders them less amenable 
to a direct surgical attack and more subject to fatal 
rupture than the traumatic aneurysms that involve 
the extremities. Operations that slow the blood 
current in the aorta increase the pressure upon the 
wall of the artery and favor rupture of the aneurysm 
even though the arterial obstruction is proximal to 
the aneurysm. The author describes an operation for 
decreasing the blood pressure within the aorta and 
aneurysm which has given relief from pain and 
greater longevity than the other operations used. In 
this operation it is essential that a large artery 
connected with the aorta be used and united, only 
end-to-end, to an adjacent vein in the direction of 
normal vascular flow. 

LECKS 


THROMBOEMBOLIC PHENOMENA 


Kravchick, D. I., and Sheiman, L.: Evaluation of an 
in Vitro Heparin Tolerance Test for Thrombo- 
embolic Disease. J. Lab. & Clin. Med. 34: 1222 
(Sept.), 1949. 

This work was based on the need for a laboratory 
test to predict thromboembolic disease. Waugh and 
Ruddick measured the ability of whole bloo: to 
counteract the anticoagulant effects of heparii in 
vitro. The basis for this test was the physio gic 
antagonism between thromboplastin and hep. rin; 
the former substance was considered to be inerc ised 
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in the bloodstream in cases of accelerated coagula- 
tica. By using increasing amounts of heparin in a 
se es of test tubes, they attempted a “controlled 
de laration of the clotting process.” Silverman modi- 
fie this test in an attempt to increase its accuracy. 
Tl + authors used the Silverman modification in this 
report. 

‘he in vitro tolerance test was studied in 74 
cov trols, 12 obstetric patients, and 7 patients who 
ha! undergone prostatectomy. The authors found 
tht this test failed to show a significant difference 
between the control and the post-partum—post- 
operative groups. These results differ from those in 
the reports of Waugh and Ruddick and Silverman. 

MINtTz 


Voorhees, A. B., and Pulaski, E. J.: The Fibrinogen 
B Test and Intramuscular Thrombosis. J. Lab. & 
Clin. Med. 34: 1352 (Oct.), 1949. 

Cummine and Lyons introduced the concept of an 
intermediary product in the fibrinogen to fibrin re- 
action to which they gave the name fibrinogen B. 
If fibrinogen B is found in the circulating plasma it 
is considered abnormal. They correlated its presence 
in the plasma with the production of intramuscular 
thrombosis. They also noted that fibrinogen B ap- 
peared in the plasma whenever tissue necrosis was 
present, especially in cases of pyogenic infection. 
Lyons also demonstrated in vitro that platelet 
fragility increases in the presence of fibrinogen B. 

The authors made 553 tests and in only two in- 
stancés were the criteria of Cummine and Lyons for 
inevitable thrombosis fulfilled, but neither patient 
developed clinical evidence of intravascular throm- 
bosis. On the basis of this experience, the test would 
appear to be of no particular value in the confirma- 
tion of a diagnosis of thrombophlebitis suspected 
clinically. The authors were in agreement with 
Cummine and Lyons, however, in noting a relation 
between the presence of tissue necrosis and the 
appearance of fibrinogen B in the plasma. They also 

ted, as did Cummine and Lyons, a persistently 
wgative test for fibrinogen B in thrombophlebitis 
alter it was initially positive. 

In view of the good results of anticoagulant 

rapy in intramuscular thrombosis initiated on 

‘!nical evidence alone, the practicality of this test 

is open to question. 

MINtTz 


iley, G. P., and Dunning, P. M.: Ultraviolet 
Blood Irradiation Therapy (Knott Technic) in 
Chrombophlebitis. Am. J. Surg. 78: 892 (Dec.), 
949. 
‘ollowing the use of ultraviolet blood irradiation 
10 cases of acute deep thrombophlebitis, the 
thors noted a rapid disappearance of pain, tender- 
vss along the course of the involved vein, and fever. 
‘ema remained for from one to twelve days after 
tvatment was started. The therapy also appeared 


to be effective in 9 patients with chronic thrombo- 
phlebitis. The procedure consisted of removing a 
predetermined amount of blood from an antecubital 
vein (1.5 cc. per pound of body weight) and passing 
it through the Knott hemo-irradiator which exposed 
the citrated blood at a definite rate to ultraviolet 
rays from a water-cooled quartz mercury vapor 
lamp. The irradiated blood was then injected back 
into the patient. 
ABRAMSON 


Hamlin, E., Jr.. Warren, R., and Kennard, H. E.: 
Thromboangiitis Obliterans. An Evaluation of 
Therapy, with Special Reference to Lumbar 
Sympathectomy. New England J. Med. 241: 849 
(Dec.), 1949. 

An attempt was made to evaluate sympathectomy 
as a therapeutic procedure in thromboangiitis ob- 
literans. In a series of 85 patients, 170 extremities 
were sympathectomized. In 3 of 25 limbs inter- 
mittent claudication disappeared following oper- 
ation, in 4 it became much less and in 8 it improved, 
while in the remaining 10 the symptom was un- 
changed or became worse. Most of the patients 
demonstrated improvement in general comfort. 
Twenty-three of the sympathectomized extremities 
were subsequently amputated. 

ABRAMSON 


James, T. G. I.: Thrombosis of the Internal Carotid 
Artery. Brit. M. J. No. 4639: 1264 (Dec.), 1949. 
On the basis of a study of 3 cases of thrombosis of 

the internal carotid artery, the author calls attention 
to the value of carotid angiography in making the 
diagnosis. The branches of the external carotid 
artery are visualized but the internal carotid will 
show only in the first one or two centimeters of its 
course. Rarely the thrombosis may extend down to 
the origin from the common carotid. 

It is pointed out that careful examination of the 
arteries of the neck in all patients with hemiplegia, 
convulsive states, or syncope may lead to a more 
frequent diagnosis of thrombosis of the carotid 
arteries. 

Generally there is a sudden onset of hemiplegia, 
preceded by headache and dizziness. The arm is 
usually more affected than the leg and face. Hemi- 
anopia and hemianesthesia may be present and 
also aphasia, when the appropriate side is affected. 
Although some degree of recovery generally takes 
place, it is far from complete. 

The etiology of the condition is not clear. Trauma 
does not appear to play any role. However, arterio- 
sclerosis has been noted in a considerable number of 
cases and thromboangiitis obliterans in several. 

ABRAMSON 


Ameli, N. O., and Ashby, D. W.: Non-traumatic 
Thrombosis of the Carotid Artery. Lancet 2: 
1078 (Dec. 10), 1949. 

The findings observed in 6 cases of non-traumatic 
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thrombosis of the carotid artery, as demonstrated 
by angiography, are reported. The first symptom in 
this condition is often some transient weakness of 
one of the extremities together with a minor dis- 
turbance of speech. After partial recovery takes 
place, several recurrent exacerbations of weakness 
and disturbance of speech occur, which then are 
followed by increased weakness, aphasia, loss of 
consciousness, or visual defects. In some instances 
slow improvement is noted, although in most cases 
the condition remains stationary for years. Angi- 
ography is the most important diagnostic measure. 
The radiopaque substance is injected into the com- 
mon carotid artery. The commonest site of throm- 
bosis is either at the point of bifurcation of the 
common carotid artery or a short distance above 
this site. Treatment does not differ from that of 
hemiparesis in cerebral thrombosis. The use of anti- 
coagulants is contraindicated because of the possi- 
bility of cerebral hemorrhage. 
ABRAMSON 


VASCULAR DISEASE 


Steindl, H.: Evaluation of the Different Therapeutic 
Procedures in Arterial Vascular Diseases of the 
Lower Extremities. Wien. med. Wehnschr. 99: 
530 (Nov.), 1949. 

The author presents a survey of various surgical 
procedures for the management of arterial diseases 
in the lower extremities. He stresses the importance 
of early treatment and recommends repeated intra- 
arterial injections of a combination of acetylcholine 
(0.2 Gm.) with Prostigmine (0.5 Gm.) dissolved in 
a 1 per cent solution of procaine. Under this treat- 
ment he noted marked subjective and functional im- 
provement due to an increase of blood supply to the 
afflicted extremity as evidenced by a rise of the skin 
temperature in the injected area. This was especially 
true in patients with a vasospastic component. 
Lumbar sympathectomy may result in permanent 
improvement whereas paravertebral anesthesia 
(L-2 to L-5) has only a temporary effect, but is 
useful for instantaneous relief of pain and for a quick 
demarcation of beginning gangrene. 

Pick 


Bartmann, K., Krautwald, A., and Voelpel, W.: 
Examination of the Vascular Function of the 


Lower Extremities by Novocaine Blockade of the 


Sympathetic Chain and of the Posterior Tibial 
Nerve. Ztschr. f. ges. Inn. Med. 4: 713 (Dec.), 
1949. 

Both paravertebral sympathetic blockade and 
anesthesia of the posterior tibial nerve are useful for 
the establishment of the vascular function of the 
lower extremities in the ambulatory patient, since 
neither of them involves the nerve supply to muscles 
necessary for walking. In order to establish a stand- 


ard method the operation was performed on 16 
healthy persons between 24 and 57 years of age. 
Elimination of the vasoconstrictor tone of the fot 
was determined by thermoelectric measurement: of 
the skin temperature of the dorsal and plantar + de 
of the foot. An evaluation of 17 experiments reve: ed 
that paravertebral anesthesia is not suitable a: g 
standard method; the results are inconsistent nd 
the procedure difficult, dangerous and unpleas nt 
for the patient. This is in contrast to anesthesi: of 
the posterior tibial nerve. With the latter procedi re, 
performed at a constant room temperature of 24 C., 
a skin temperature in the examined area of less t'.an 
35 C. is abnormal and values below 35.25C. -\g- 
gestive of inadequate blood supply to the leg. At a 
room temperature of 20 C. the respective abnor inal 
and suggestive values are 34.00 C. and 34.45 C. 
Pick 


Wagner, F. B., Jr., and Herbut, P. A.: Etiology of 
Primary Varicose Veins. Histologic Study of One 
Hundred Sapheno-femoral Junctions. Am. J. Surg. 
78: 876 (Dec.), 1949. 

In an attempt to study the factors involved in the 
production of primary varicose veins in the lower 
extremities, histologic sections were made of the 
saphenofemoral junction in 100 subjects. In only 16 
cases was the sinus wall of the saphenous vein opposite 
the valve normal. In all others the sinus was from 
one-half to one-fifth of the normal thickness, as a 
result of absence of smooth muscle and _ internal 
elastic membrane in this site. The question was 
raised as to whether this defect was congenital and 
possibly hereditary. The valve leaflets were histo- 
logically normal in all instances. 

ABRAMSON 


Lyall, D.: Reactions following Injections of Varicose 

Veins. Am. J. Surg. 78: 909 (Dec.), 1949. 

The author states that patients exhibiting allergies 
of any sort should be tested for sensitivity to scleros- 
ing solutions before injection of varicose veins is 
attempted. At times patients who have had injection 
therapy in the past may acquire sensitivity when a 
long period is allowed to elapse between injections. 
If too much sclerosing agent is used at any one time, 
the material may actually erode the vessel wall and 
cause a sterile abscess. Excessive dosage may also 
result in pigmented spots or streaks to a greater 
degree than necessary and may cause severe pain 
and fever. Patients with such clinical vascular dis- 
orders as thrombophlebitis, Raynaud’s disease, Buer- 
ger’s disease, vasospasm, and arteriosclerosis ob- 
literans should not be subjected to injections of 
sclerosing agents, since the added spasm consequent 
to their use may reduce the caliber of the invo!ved 
vessels or their collateral bed to a critical degree and 
thus contribute to the production of gangrene. 
Successful sclerosis involves the use of a minimum 





= 


_—_ —§ @- en & = Oe UOC CUE le 


ABSTRACTS 153 


amc int of material and the subsequent maintenance 
of t.e vein in a collapsed state, through the pro- 
long d use of elastic bandages or stockings, until 
hea! ng occurs. 

ABRAMSON 


‘évre, F.: Physical Medicine and Peripheral 
scular Disease. Arch. Phys. Med. 30: 774 
'ec.), 1949. 

‘\e author emphasizes the importance of physical 
med cine as therapy in peripheral vascular disorders. 
He points out that the application of controlled 
heat. may be of value in certain conditions, although 
the use of uncontrolled heat may cause great harm, 
particularly in conditions in which arterial in- 
sufficiency exists. Frequently night cramps, which 
are not specific for vascular disease, will be helped 
by an electric blanket. Vascular exercises and the 
oscillating bed may reduce the rest pain of occlusive 
arterial vascular disease and may also decrease the 
edema of the legs which is often present in this type 
of condition. Whirlpool baths cause relaxation of 
muscles and are comforting, although they do not 
affect intermittent claudication. They seem to be 
especially effective in the treatment of varicose ulcers 
and secondary stasis dermititis. Pressure suction 
boot treatment and intermittent venous hyperemia 
appear to have little, if any, role as therapy in 
peripheral vascular disorders. 

ABRAMSON 


Gibson, P. C.: Aspirin in the Treatment of Vascular 

Diseases. Lancet 2: 1172 (Dec. 24), 1949. 

Since aspirin is considered to act as an anti- 
coagulant at the same time that it relieves pain, the 
author used the drug in anginal pain and in venous 
thrombosis. The dosage adopted was similar to that 
utilized in rheumatic carditis. According to the 
author, the results produced sufficient alleviation of 
symptoms to warrant further trial with the drug. 

ABRAMSON 


Fowler, E. P., Jr.: Capillary Circulation with 
Changes in Sympathetic Activity. I. Blood Sludge 
from Sympathetic Stimulation. Proc. Soc. Exper. 
Hiol. & Med. 72: 592 (Dec.), 1949. 

“timulation of the cervical sympathetic trunk and 

application of local epinephrine or norepineph- 

1 to the conjunctivae and the injection of epineph- 

intravenously has produced the picture of 

eased circulation from narrowing of the vascular 

It also produces what looks like “sludging” of 

1 within the vessels. Intravenous procaine in 

\l doses will often reverse the sludging process, 

east for a time, but this varies with the concen- 
ion of novocaine and the speed of injection. 

Mintz 


MISCELLANEOUS 


Radner, S.: Subclavian Angiography by Arterial 
Catheterization. Visualization of Metastatic 
Tumor in the Upper Thoracic Aperture. Acta 
radiol. 32: 359, 1949. 

The author describes a technic of catheterizing 
arteries of the upper thorax and neck wherein the 
radial artery is exposed under local anesthesia, 
incised, and a ureteral catheter (6F-9F) is inserted 
and guided upwards into the subclavian artery 
under fluoroscopic control. Fifteen cc. of a radi- 
opaque dye are injected rapidly, and _ roent- 
genograms are taken immediately after injection and 
three to four seconds later. Compression of the 
brachial artery with a sphygmomanometer prevents 
the flow of the dye peripherally. 

The author feels that this method is suitable for 
investigation of structures supplied by the sub- 
clavian artery, such as the parathyroid glands, parts 
of the thyroid gland and the thymus. An illustrative 
case is described in which a metastatic tumor in the 
upper thoracic aperture was visualized by this 
method. After the injection of the dye the brachial 
artery is ligated above the incision site. The author 
states that no untoward effects have resulted from 
the entire procedure. 

ScHWEDEL 


Elam, J. O., Neville, J. F., Jr., Sleator, W., and 
Elam, W. N., Jr.: Source of Error in Oximetry. 


Ann. Surg. 180: 755 (Oct.), 1949. 

The oximeter is a photoelectric device for con- 
tinuous determination of arterial oxygen saturation, 
which depends upon the differences in light ab- 
sorption by the pigments oxyhemoglobin and re- 
duced hemoglobin. The model that can be obtained 
commercially is applied to the ear lobe, the blood 
in the ear first being arterialized through the appli- 
cation of heat. According to the authors, the clinical 
value of the oximeter justifies its further develop- 
ment. However, certain precautions must be taken, 
particularly with regard to the means of arterializing 
the ear blood andsthe way in which the 2 photocells 
are mounted in the earpiece. The development of a 
quantitative oximeter is a long range program which - 
still requires considerably more work and improve- 
ments in technic. 

ABRAMSON 


Boone, B. R., Ellinger, G. F., and Gillic, F. G.: 
Electrokymography of the Heart and Great 
Vessels: Principles and Application. Ann. Int. 
Med. 31: 1030 (Dec.), 1949. 

This instrument has proved a valuable tool in the 
field of cardiovascular physiology but its value in 
clinical work remains to be defined. Promising 
results have been obtained in preliminary studies of 
the arrythmias and myocardial infarcts. In the latter 
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condition, it has been possible to demonstrate clearly 
paradoxical movement of the infarcted ventricular 
wall. However, in examinations being done on a 
large group of older men, several instances of para- 
doxical type movement in subjects with no or 
minimal cardiovascular symptoms and a normal 
electrocardiogram have been encountered without 
any apparent cause. Records from subjects with 
valvular heart lesions have been difficult to analyze. 


One case diagnosed aneurysm of the thoracic sorta 
and another diagnosed mediastinal tumor bv the 
electrokymograph have been verified at surger\ and 
by response to x-ray therapy, respectively. 1+ ye. 
mains to be determined in what specific typ:s of 
cardiovascular disease pathognomonic electrok «mo. 
graphic patterns appear and just what clinical \ alye 
the instrument will have. 


‘ 


WEND! 


BOOK REVIEWS 


Quinidine in Disorders of the Heart. Harry Gold, 
M.D. New York, Paul B. Hoeber, Inc., 1950. 100 
pages, $2.00. 

Gold’s monograph is the first book dealing solely 
with the use of the important drug, quinidine. The 
author has discussed in turn the details of indica- 
tions, therapeutic actions, toxic actions, effect on the 
electrocardiogram, clinical pharmacology, dosage, 
and the prevention and treatment of all the minor 
and major arrhythmias with which the practitioner 
may be confronted. There is a very brief discussion of 
the use of quinidine in children and of alternative 
routes of administration, and a chapter on combined 
use of quinidine and digitalis. The section on phar- 
macology of the drug is clear and concise, as would be 
expected from the author’s special qualifications. 
The reviewer strongly concurs in Gold’s statement 
that “the use of inflexible systems of dosage is 
responsible for a large share of the defeats in quini- 
dine therapy, and some of the disasters.” Gold 
touches upon, but does not emphasize as clearly, that 
the disasters are often due as much to failure of careful 
supervision, with repeated clinical and electrocar- 
diographic observations during and after conversion 
of an arrhythmia, as to the inflexibility of the sys- 
tem of dosage. 

The major criticism that the reviewer has of the 
monograph concerns Gold’s handling of the chapter 
on chronie auricular fibrillation. Many cardiologists 
would disagree with his statement (on page 53) that 
the use of quinidine in longstanding auricular fibril- 
lation has, for the most part, been abandoned. He 
admits that quinidine is credited with accidents 
which are purely coincidental and stresses the fact 
of occasional serious complications of quinidine ther- 
apy without giving sufficient emphasis to the hazards 
of auricular fibrillation, per se, and to the benefits 
that may be obtained by converting some patients 
with auricular fibrillation to normal rhythm. 





One might question the author’s recommendation 
to avoid the simultaneous use of quinidine and 
digitalis whenever possible. His stress on the toxicity 
of quinidine in animals poisoned with digitalis does 
not do justice to the clinical fact that the two drugs 
have been repeatedly used in combination without 
difficulty when poisoning with either drug is avoided. 
If quinidine is used without prior digitalization in pa- 
tients with auricular fibrillation, acceleration of the 
ventricular rate with quinidine may be so great as to 
force cessation of quinidine therapy. 

With the reservations noted in the discussion of 
chronic auricular fibrillation and of the combined 
use of digitalis and quinidine, this monograph can 
be strongly recommended to the practitioner as an 
excellent guide to the understanding and successful 
use of quinidine. 

MauvRIcE SOKOLOW 


Digitalis and other Cardiotonic Drugs, ed. 2. Eli 
Roden Movitt, M.D. New York, Oxford Univer- 
sity Press, 1949. 245 pages, 20 figures, 11 tables, 
$5.75. 

The author presents a review of the clinical use of 
digitalis preparations. Divided into chapters dealing 
with digitalis folium, digitalis lanata, lanatosice C, 
other digitalis glycosides (including digitoxin, Dig- 
oxin, Gitalin), strophanthus, squill and other cardio- 
tonic agents of plant origin, the book, in addition 
to a brief historical sketch, reviews the most recent 
literature on the clinical use of each digitalis prepara- 
tion. The recent literature on the mechanism of 
action of digitalis is well reviewed. The bibliography 
at the end of each chapter is extensive. For the gen- 
eral practitioner who wishes to appreciate the voiume 
of work at present under investigation in dig:talis 
therapy, this book is excellent. The book is, how ver, 
lacking in critical analysis of much of the work ‘lone 
by others which is incorporated in the text. Im) res- 





BOOK REVIEWS 155 


sion are accepted as well as actual data. It is 
app vent that none of the author’s own experience is 
repr sented, although he may express an occasional 
opi: on which differs or confirms the results reported 
by others. Unfortunately, too much emphasis is 
placed upon results of individual digitalis prepara- 
tion rather than the similarity of the fundamental 
prin iples involved for all preparations for the treat- 
ment of cardiac disorders. 
Rosert C. BaTTeERMAN 


Morbus Caeruleus. An Analysis of 114 Cases of Con- 
genital Heart Disease with Cyanosis. E. Mann- 
hvimer, ed. Basel and New York, 8. Karger, 1949. 
332 pages, 122 figures, 34 tables, $9.25. 

It is important to remember that this book is not 
intended as a text but as an integrated report of 
diagnostic and therapeutic procedures in congenital 
heart disease with cyanosis. To this purpose it in- 
cludes a careful analysis of clinical, roentgenologic, 
angiocardiographic, electrocardiographic, and phys- 
iologic studies, as well as general diagnostic and 
surgical summaries and 42 complete case reports. A 
comprehensive bibliography adds to the reference 
value of this publication. From the viewpoint of clini- 
eal usefulness the type of material presented will 
probably prove most valuable to those already ex- 
perienced in the diagnostic problems of congenital 
heart disease. To the inexperienced, the statistical 
data with its variations from any central tendency of 
the group may be confusing when an attempt is 
made to apply these data to an individual case. 

Observations of fundamental importance are 
made, particularly in the sections on roentgen- 
ography and electrocardiography, but some of the 
conclusions based on these observations may not 
find general acceptance. Supported by the evidence of 
proved eases, the basically important point is made 
that “in a great many cases it is very difficult to 
determine by x-ray the absolute and relative sizes of 
the right and left ventricles.’’ The clinical implica- 
tions of such a statement are of very great signifi- 
cance. This point is further amplified in a demonstra- 
tion of the comparative value of multiple unipolar 
piccordial leads as contrasted with the limitations of 
tl. conventional extremity leads. In this connection, 
tr:cings are shown which display other than the type 
1 ventricular enlargement expected from the degree 

ight or left axis deviation present in the standard 
| electrocardiogram. Another important x-ray 
ervation is the variety of heart sizes and contours 
ch may be compatible with the diagnosis of un- 
iplicated tetralogy of Fallot. The supplementary 
ie of angiocardiography is also well demon- 
ited. All of the x-ray and angiocardiographic re- 

p! ductions together with explanatory line drawings 

al of excellent quality. 

‘he physiologic studies reported are of interest 
but do not add significantly to fundamental knowl- 

ecze on the subject which has been established 


largely by others to whom proper credit is given. 
The results of the hypoxia tolerance test are new 
and indicate the remarkable adaptation of children 
with congenital heart disease and cyanosis to chronic 
anoxia. Further studies on circulation time are neces- 
sary to supplement the results indicated by these 
authors. 

No publication written at this time on the subject 
of congenital heart disease can be expected to be 
free of unchanging opinions or, frequently, gross 
mistakes. This is probably inevitable, not because of 
inadequacies on the part of the investigator, but be- 
sause of the early stage of the development of knowl- 
edge on the subject. Taking this into consideration 
it may be said that the work reported by Mann- 
heimer and associates is well done and well written, 
and the opinions expressed are stimulating and val- 
able if not always absolutely correct. This book 
represents about the only concerted effort to cor- 
relate all of the various types of studies on such a 
group of patients, and, if for no other reason, on this 
basis alone it should prove valuable to all interested 
in the subject of congenital heart disease with 
cyanosis. 

Ropert F. ZreGuer 


Congenital Anomalies of the Heart and Great Ves- 
sels: Clinicopathologic Study of 132 Cases. 
Thomas J. Dry, Jesse E. Edwards, Robert L. 
Parker, Howard B. Burchell, H. Milton Rogers, and 
Arthur H. Bulbulian. With a foreword by Dr. 
F. A. Willius. Springfield, Charles C Thomas, 
1948. 68 pages, 96 figures, $4.50. 

Our knowledge of congenital heart disease is today 
undergoing profound changes as a result of surgical 
advances and the application of angiocardiography 
and cardiac catheterization. Until recently studies of 
congenital heart disease have been mainly anatomi- 
cal, and attempts at physiological and clinical cor- 
relation have not been too successful. With the ad- 
vent of physiologic approaches, the field is at present 
in a state of confusion and this confusion will not be 
entirely dispersed until anatomy and physiology are 
wed, which is the problem of the future. It is only 
human that we think only in terms of today and | 
forget the great names of the past and their funda- 
mental contributions on which our current knowl- 
edge and future knowledge depend. 

The appearance of this book is a timely reminder 
of our heritage. The authors represent the fields of 
medical history, internal medicine, cardiology—both 
clinical and physiological—, anatomy and _ patho- 
logical anatomy at the Mayo Clinic. The contents of 
the book were originally prepared as an exhibit at 
the Centennial Meeting of the American Medical 
Association in June, 1947. It is a clear, concise, 
clinicopathologic study of 132 cases of congenital 
heart disease collected over a_ twenty-five-year 
period. Sixteen representative specimens of the com- 
mon congenital abnormalities are described. Photo- 
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graphs of 16 of the key figures in the field of congen- 
ital heart disease introduce each case report. A 
thumbnail sketch of the contribution of each of the 
16 (William Hunter, Thomas Bevill Peacock, William 
Harvey, Jean-Baptiste De Sénac, Franklin Paine 
Mall, James Hope, Henri-Louis Roger, Victor Eisen- 
menger, Etienne-Louis Arthur Fallot, Eduard Sandi- 
fort, Karl Rokitansky, Sir Arthur Keith, G. A. Gib- 
son, Julius Tandler, John Baptist Morgagni, Maude 
E. Abbott) is included. 

Each defect is taken from an autopsied case with a 
brief account of the history and physical findings. 
The essential anatomy and the path taken by the 
blood is described and illustrated by a colored draw- 
ing, a photograph of the actual specimen, and a dia- 
grammatic sketch. The sketches are to be com- 
mended for their simplicity and clarity. A postero- 
anterior roentgenogram and an electrocardiogram of 
the patient in question are included. The principal 
clinical features of each anomaly are enumerated 
and the incidence of the anomaly in this series is 
noted. A generous bibliography is appended. The 
arrangements conform to the usual high quality of 
the publishers. 

As Dr. Willius states in the foreword, “It is... an 
opportune time for the authors of this mono- 
graph...to make their work, and the work of 
others, available to the medical profession in this 
manner. Their years of experience in this field, their 
own investigations, and the long hours of application 
required to complete this work, have produced an 
undertaking of great merit and usefulness.” To those 
who are concerned with the problems of congenital 
heart disease, this monograph is reeommended not as 
a reference or as a text so much as a milestone linking 
the past with the present and future. 

Lewis DEXTER 


Lehrbuch der Réntgenologischen Differentialdiag- 
nostik. Erkrankungen der Brustorgane, ed. 2. 
Werner Teschendorf. Stuttgart, Georg Thieme, 
1950. 779 pages, 865 figures, $21.00. 

This is the second edition of a work first published 
in 1939. There has been considerable editing with 
deletion of several pages of the old text and the addi- 
tion of a few new references and illustrations to re- 
place the old ones. This review deals with the cardio- 
vascular material scattered throughout this general 
text on the roentgenology of the thoracic contents, 


and includes the pulmonary manifestations of heart’ 


clisease. 

About 20 pages are devoted to various types of 
heart measurements, five to cardiac contours in the 
posteroanterior and both oblique positions, and 
about 50 pages to typical configurations in various 
disease states. The bulk of the section specifically 
devoted to the heart is concerned with examples of 
the use of conventional multiple slit kymography. 
Some of the illustrations of calcification of coronary 
arteries and of the mitral and aortic valves are rather 


well depicted; the portions on pericardial effusion 
and calcification are discussed at length but rather 
obliquely so that the exact meaning of some of the 
observations is obscure. 

Vague and unsubstantiated statements are s\; 
tered throughout the section on the heart; for ex 
ple, statements that myocardial weakness is i 
cated by low voltage QRS complex in the elec'r 
cardiogram combined with diminished amplitud 
pulsations on kymography, and that contour 
figurations indicate specific combinations of enti: ies, 
The manner of presentation is old fashioned, he:.vy- 
handed Teutonic dissertation, usually without 1 en- 
tion of proof. The following is the literal transla:ion 
of an example: “the question concerns a promi ent 
pulmonary artery in a 41 year old female suffe ing 
from bronchial congestion since childhood. The 
physical examination was negative, no murn 
There was a right axis deviation on the electroc: 
diogram. The roentgenologic differential diag: osis 
lies between patent ductus arteriosus or a congeiiital 
pulmonary artery lesion. Syphilitic disease of the 
pulmonary artery must be excluded. The possibility 
exists that the dilatation was caused by the closure of 
a previously open ductus arteriosus.”” This example 
leaves one completely uncertain as to what the diag- 
nosis actually was since there was no anatomic diag- 
nosis, no clinical diagnosis; only the roentgenologic 
one. 

Such presentations served their usefulness in the 
early days of roentgenology but are wholly inade- 
quate today. To publish a book in 1950 on roent- 
genological diagnosis without even mentioning an- 
giocardiography and electrokymography is hardly 
excusable. The mere editing of a previous edition is 
not a substantial basis for the issue of another print- 
ing as a second edition. 

JoHN B. SCHWEDEL 


Electrocardiography. Louis Wolff. Philadelphia, W. 
B. Saunders, 1950. 182 pages, 110 figures, $4.50. 
Part I of this book (79 pages) is devoted to “‘the 

basic principles of electrocardiography,” and Part 
II (99 pages) deals with “clinical electrocardi- 
ography.” Although Part I is a lucid, orderly discus- 
sion of basic principles, orientation is probably in- 
sufficient to provide the uninitiated with a basis for 
analysis of the wave form of the electrocardiogram. 
The solid angle, the axis of injury, and the vector- 
cardiogram are not introduced, and the mean axis 
receives little more than definition. It is gratifying to 
observe that nearly one-half of the text is devote: to 
basic principles. The division of the text into two 
parts is unfortunate, however, for it perpetuate: the 
dictum that basic principles are something apart 
from clinical electrocardiography. 

Part II contains a well organized description of 
carefully selected curve patterns covering the .0r- 
mal, bundle branch block, hypertrophy, myoca) lial 
infarction, short, P-R interval syndrome, and »ul- 
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mon ry embolism. Care is taken to differentiate the 
elect ical from the clinical diagnosis. Experienced 
elec: ocardiographers will object to the occurrence 
of ii accurate, though easy-reading, statements on 
the . rounds that the beginner may be mislead rather 
thar. helped by them. Examples are (page 41) ‘The 
forn of the [unipolar limb lead] curve recorded . . . 
will Jepend on the part of the heart that the limb 
root faces, or looks at,’”’ and (page 96) “Inverted T 
wavs in left ventricular curves of right bundle 
branch block are not normal, ....’’ Nevertheless, 
the iext is highly recommended for beginners and 
for ‘empiricists” who find themselves imbedded in a 
maze of unclassified unipolar leads. 
Rosert H. BayLey 


Physiology in Health and Disease, ed. 5. Carl J. 
Wiggers. Philadelphia, Lea and Febiger, 1949. 1242 
pages, 280 figures, $10.00. 

The appearance of the fifth edition of Wiggers’ 
textbook of physiology needs no introduction to 
those interested in the cardiovascular field. For 
many years his writings have left an indelible im- 
pression on all working in the field. The present re- 
vision has satisfactorily kept abreast of the recent 
advances in experiment and in concept in a number 
of intensively active fields, including hypertension, 
artificial kidneys, dyspnea and aviation physiology. 
A readable chapter on the physiologic basis for psy- 
chosomatie reactions serves to introduce the student 
to clinical problems which at first sight appear to be 
entirely outside the realm of basic sciences. The sec- 
tion on the heart and circulation represents a work- 
ing summary of the author’s major interest over 
several decades and remains an outstanding, if not 
the outstanding, presentation of the subjects. The 
treatment of hemodynamics, cardiac action and the 
electrical activity of the heart, while basic, is geared 
to an explanation of clinical findings. Students, in- 
vestigators and clinicians alike will continue to find 
the volume of considerable assistance in helping 
then to review and revise their understanding of 
physiologic processes which are basic in health and 
disease. 


Louis N. Karz 


Fi -botrombosis y Embolia Pulmonar (Phlebothrom- 
osis and Pulmonary Embolism). Francisco Rojas 
‘illegas. Santiago, Chile, Imprenta ‘‘“Rome,” 1948. 
21 pages, 17 figures, 13 charts. 

‘his monograph on the important problem of 

p! cbothrombosis and pulmonary embolism is a wel- 

ec ae addition to the Spanish medical literature on 

th subject because of its completeness and extensive 
bi liography. It is a pity, however, that the plates of 
tl monograph are so devoid of relative meaning 
bc cause of the lack of clarity of detail. 

(he author considers the etiology, pathologic 

p' vsiology, symptoms and signs of phlebothrombosis 


and pulmonary embolism with descriptions of im- 
portant diagnostic procedures, one of which is the 
x-ray demonstration of the point of occlusion by 
means of phlebograms. This is illustrated by the 
author in several cases but with plates which have 
been reproduced poorly. This procedure has not 
gained favor in this country except by Ochsner and 
his group, because of the difficulty of interpretation 
and because of the danger of injection of substances 
for visualization of the veins. The author states: 
“this method should be practiced whenever it is 
possible so that one may gain a personal experience 
of the technic and the interpretation of the x-ray 
films and be in a position to take advantage of this 
experience when it is necessary.”’ This is certainly a 
radical point of view, and this reviewer believes that 
more emphasis should be placed on clinical findings 
rather than to a procedure such as phlebography. 

The fifth chapter on treatment and prevention is 
adequate except for the rather short section on 
heparin-dicumarol therapy and its merit relative 
to surgical ligation of the femoral and external iliac 
veins and the vena cava. Of course, the author’s own 
series is too small for any statistical evaluation of the 
relative merits of these procedures. The problem is 
one which is still debatable. Should all cardiovascular 
cases who will have many bouts of failure and 
phlebothrombosis before their death have ligations? 
Or should we reserve anticoagulant therapy for post- 
operative patients with incidental thrombosis? Re- 
cent papers have stressed the fact that anticoagulant 
therapy is at least as good if not better than surgical 
ligation, taken as an over-all picture. 

Even though the book does not have any new 
thoughts on the subject, it will serve to focus the 
attention of the Latin physician on this important 
problem. 

BERNARD E. NUNEZ 


Die Elektrokardiographie, ed. 4. A. Weber. Berlin, 

Springer, 1948. 209 pages, 150 figures 

This fourth edition of a well-known book, which, 
according to the author, was ready for print in 1943, 
discusses electrocatdiography, as well as registration 
of heart sounds, of respiration, of the cardiogram and 
of the venous pulse. As in the previous editions, the 
discussion of the physical basis for these registration 
methods and the description of the different appara- 
tus comprises a considerable portion of the book and 
is one of its advantages. The ventricular complex in 
the electrocardiogram is explained by the summation 
of two monophasic currents only. The tracings which 
represent right or left ventricular strain patterns are 
explained by a delayed conduction in the right or left 
bundle branch, respectively. The disturbances of 
cardiac rhythm are discussed in the conventional 
way. The figures are well reproduced. This mono- 
graph will be of value to those readers who wish to 
familiarize themselves with conceptions of the gene- 
sis of the normal and of the hypertrophy electrocar- 
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diograms which are so different from our own. Chest 
leads are given little consideration. 
Davip SCHERF 


La Spartéine en thérapeutique. Fernand Mercier. 
Paris, Masson et Cie, 1948. 103 pages, 25 figures, 
165 franes. 

This is an attempt to revive interest in sparteine, 
now seldom if ever used in this country. Evidence 
(much of it obtained by the author and_ his 
associates) is cited to indicate that sparteine has 
valuable effects on the heart (combining the useful 
actions of digitalis, quinidine and atropine), the 
autonomic nervous system (a nicotinic block limited 
to the parasympathetic division, without demon- 
strable stimulant phase), the central nervous system 
(sedative, anesthetic and anticonvulsant), voluntary 
muscle (curare-like), uterus (oxytocic, capable of 
inducing or accelerating labor), and kidney (in- 
creased excretion of water and salt). Furthermore 
sparteine is said to be capable of protecting animals 
against otherwise fatal doses of snake venom or ana- 
phylactogen. The evidence is insufficient to over- 
come the contrary findings of other workers or to call 
for reconsideration of the current American views on 
sparteine. 

Car F. ScHMIpT 


The Heart and the School Child. A Symposium. 
Jacob M. Cahan, ed. New York, Tab Printing Cor- 
poration, 1949. 94 pages, $2.50. 

This is an excellent little book on a most impor- 
tant subject. Its main shortcoming is the lack of dis- 
cussion about what to do for the child in whom heart 
disease has been recognized. The diagnosis has been 
made, he is over his active rheumatic fever, he is to 
go back to school: how much can he do? This ques- 
tion faces every family doctor. Too often children 
with pathologic murmurs are needlessly curtailed in 
their activities, and yet the conscientious doctor is 
frequently at loss to know what advice to give. More 
adequate discussion of this subject could have made 
this book even more interesting and useful than it 
already is. 

Tuomas W. CLARK 


Diseases of the Heart. C. AK. Friedberg. Philadelphia, 
W. B. Saunders, 1949. 1081 pages, 79 figures, 
$11.50. | 
This excellent book contains extremely compre- 

hensive discussions of all phases of diseases of the 

heart, purposely omitting peripheral vascular dis- 
eases. Its most outstanding characteristic is the clear 
and thorough review of current concepts of circula- 
tory dynamics and of the pathogenesis of heart dis- 


eases. These are not only the major content o! the 
first 10 chapters, which collectively would be a val. 
uable monograph, but likewise are continually w sven 
into the discussions of the numerous clinical pic’ ures 
presented. The literature, including material very 
recently published, is critically covered by ai ex. 
tensive and applicable bibliography which, with a 
competent alphabetical index, makes this an a: mir. 
able reference work. 

The writing is clear and well edited, but in 
attempting to be thorough and emphatic some + pace 
seems to be wasted in repetition. Perhaps <ome 
space might have been saved by discussing \ alve 
defects and their mechanical consequences unde the 
etiologic entity in which they most commonly ovcur, 

No attempt is made to provide the fundam«ntal 
principles of electrocardiography, so that ‘t is 
assumed that this information will be acquired else- 
where prior to consulting the numerous references to 
electrocardiographic findings in specific entities. Al- 
though most references to electrocardiography in 
such a wide group of diseases necessarily ante:lates 
1944, it is hoped that later editions will permit in- 
clusion of terminology and data largely based on 
current unipolar technics. This is particularly the 
vase in electrical axis, hypertrophy and Q,T, and 
Q:T; myocardial infarction patterns. 

Certain opinions of necessity must be the author’s 
and are bound to precipitate controversy, but the 
book would not be a vital expression if these 
comments were excluded. Treatment of syphilitic 
heart disease and contraindications to quinidine 
therapy are examples. 

It would seem preferable, once the concept of myo- 
cardial ischemia is presented on a quantitative basis 
as cause for angina pectoris, prolonged spontaneous 
eardiae pain, and myocardial infarction of varying 
severity, that it not be split into the several separate 
chapters on angina pectoris and myocardial infare- 
tion. The chapters on rheumatic fever and myocar- 
dial infarction, are specific examples of thorough 
and critical exposition, but all sections maintain a 
high degree of excellence in presentation of practical 
clinical diagnosis and therapy as well as pathogenesis 
and disturbed physiologic states of the circulatory 
system. 

This book is a fine contribution to the current 
literature on heart disease and is worthy of broad 
acceptance by the practitioner seeking clear specific 
discussions of a particular cardiac disease, by the 
student as a textbook, both in pathologic physiology 
and the clinical phases of heart disease, and by those 
seeking a thorough and efficiently prepared refer- 
ence source. 


JOHN J. SAMPSON 
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ANNUAL ELECTIONS 


Drv. Howard B. Sprague, of Brookline, Mass., 
a former President of the New England Heart 
Association, was elected President of the Amer- 
ican Heart Association for the 1950-51 term 
at the Twenty-Sixth Annual Meeting held last 
month at the Fairmont Hotel, San Francisco. 
Dr. Sprague, who is Clinical Associate in Medi- 
cine at the Harvard Medical School, succeeds 
Dr. H. M. Marvin of New Haven, Conn. 

Dr. Louis N. Katz of Michael Reese Hospi- 
tal, Chicago, was chosen President-Elect for 
the 1951-52 term. Dr. Katz is a member of the 
Association’s Board of Directors and Chairman 
of the Research Committee of the Scientific 
Council. Other officers elected were Dr. Mau- 
rice Visscher, Minneapolis, Minn., Vice Presi- 
dent; and Grant Keehn, New York, N. Y., 
Treasurer. 

At a meeting of the Board of Directors, A. W. 
fobertson, Pittsburgh, was re-elected Chair- 
man. Dr. John J. Sampson, San Francisco, was 
elected Secretary, and Dr. Harry Ungerleider 
was elected Assistant Secretary of the Associa- 
tion. 

New members of the Board of Directors in- 
clude: Edgar V. Allen, M.D., Rochester, Minn.; 
Emmet B. Bay, M.D., Chicago, Ill.; Ralph L. 
De Groff, Baltimore, Md.; Edgar Durbin, 
M.!)., Denver, Col.; Frank N. Isbey, Detroit, 
Mich.; Ernest B. MacNaughton, Portland, 
Ow.; Augustus Martin, New York, N. Y.; 
Don G. Mitchell, Summit, N. J.; Sylvester L. 
Weaver, New York, N. Y. 

‘he following were re-elected to the Board: 
E. \‘owles Andrus, M.D., Baltimore, Md.; Will- 
ia’ H. Bunn, M.D., Youngstown, Ohio; S. 
D: \Vitt Clough, Chicago, Ill.; Robert L. King, 
M 1)., Seattle, Wash.; Mrs. Wendell Kinney, 
Lo. Angeles, Calif.; Robert L. Mehornay, Sr., 
K:nsas City, Mo.; David D. Rutstein, M.D., 
Boston, Mass.; John J. Sampson, M.D., San 
Fiineiseo, Calif. 


Representatives on the Board from the com- 
ponent councils and sections of the Scientific 
Council include: 

Alva Bradley, Cleveland, Ohio; Julian S. 
Butterworth, M.D., New York, N. Y.; T. Due- 
kett Jones, M.D., New York, N. Y.; Thomas 
M. Durant, M.D., Philadelphia, Pa.; R. Bruce 
Logue, M.D., Atlanta, Ga.; Hugh MeCulloch, 
M.D., Chicago, Ill.; H. M. Marvin, M.D., 
New Haven, Conn.; John R. Smith, M.D., 
St. Louis, Mo.; Robert D. Taylor, M.D., Cleve- 
land, Ohio; Robert W. Wilkins, M.D., Boston, 
Mass.; Leigh Willard, New York, N. Y.; Irving 
S. Wright, M.D., New York, N. Y. 

Officers of the Scientific Council are: Chair- 
man, H. M. Marvin, M.D., New Haven, Conn.; 
Vice-Chairman, Frank N. Wilson, M.D., Ann 
Arbor, Mich.; and Secretary, Lowell A. Rantz, 
M.D., San Francisco, Calif. 


GOLD HEART AWARDS 


Gold Heart Awards were presented at the 
Association’s Annual Dinner last month for 
outstanding contributions in the field of car- 
diovascular diseases. These went to the four 
surviving signers of the Association’s original 
articles of incorporation: 

Dr. Lewis A. Conner, New York, first Presi- 
dent of the Association and first editor of the 
American Heart Journal, the Association’s for- 
mer official publication; Dr. Robert H. Halsey, 
New York, President of the Association in 
1931-32; Dr. Hugh MeCulloch, Chicago, a 
member of the Executive Committee of the 
American Council on Rheumatic Fever; and 
Dr. Paul D. White, Boston, President of the 
Association in 1940-41, Executive Director of 
the National Heart Advisory Council, and Clin- 
ical Professor of Medicine at Harvard Uni- 
versity. 

In addition, awards were presented to Alva 
Bradley, Cleveland, for his outstanding work 
in securing the interest of corporations in sup- 
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porting heart research, and Mrs. Louise Baer, 
New York, for her outstanding contribution in 
securing general public support. Mr. Bradley, a 
realtor and former owner of the Cleveland 
Indians, is now Chairman of the American 
Council on High Blood Pressure Research. Mrs. 
Baer, wife of the columnist, Arthur “Bugs” 
Baer, is a Board member of the New York 
Heart Association and served as Chairman of 
New York’s 1950 campaign. 


CAREER INVESTIGATORS 


Career investigatorships are being estab- 


lished as part of the Association’s program to 


support the continuing careers of able investi- 
gators in the cardiovascular field. A brochure 
describing the requirements is available on 
request. Nominations for Career Investigators 
may be made by members of the Association’s 
Scientific Council, deans of medical schools, 
and heads of research units in the United 
States. Nominations should be sent to Dr. 
Charles A. R. Connor, Medical Director of the 
Association. 


PUBLIC HEALTH 
COMMITTEE 


A Special Advisory Committee of authorities 
in public health, preventive medicine and social 
work has been formed to assist the Associa- 
tion’s Public Health Division in working out 
specific activities for community cardiovascular 
disease programs. Dr. William A. Brumfield, 
Jr., Deputy Commissioner of the New York 
State Department of Health, was named Chair- 
man of the committee. Other members include: 
Martin Cherkasky, M.D., Home Care Execu- 
tive, Department of Home Care, Montefiore 
Hospital, New York; Ward Darley, M.D., 
Dean of School of Medicine, University of 


Colorado; W. Thurber Fales, Sc.D., Director, 


Statistical Division, Baltimore City Depart- 


ment of Health; Frederick G. Gillick, M_.D,, 
Chief, Heart Disease Control Branch, Division 
of Chronic Disease, U. 8. Public Health S»ry- 
ice; Leonard J. Goldwater, M.D., Professc» of 
Industrial Hygiene, School of Public He: ith, 
Columbia University; Ira V. Hiscock, S:.D., 
Chairman of Department of Public He: Ith, 
School of Medicine, Yale University; E A, 
Irvin, M.D., Medical Director, Cadillae M tor 
Co., Detroit, Michigan; Charles T. Mears, |} \xe- 
cutive Director, Pennsylvania Heart Ass: cia- 
tion; H. M. Marvin, M.D., Associate Cli:ical 
Professor of Medicine, Yale University; Doro- 
thy B. Nyswander, Ph.D., Professor of Piiblie 
Health Education, School of Public Health, 
University of California; Leo Price, M.D.., Di- 
rector, Union Health Center, New York; David 
D. Rutstein, M.D., Professor of Preveitive 
Medicine, School of Medicine, Harvard Uni- 
versity; Miss Bessie Schless, Director of Social 
Service, Beth Israel Hospital, Boston, Mass.; 
Miss Margaret B. Taylor, R.N., Associate Pro- 
fessor, School of Public Health, University of 
Minnesota; James L. Wilson, M.D., Professor 
of Pediatrics, University of Michigan. 


PROCEEDINGS OF CARDIO- 

VASCULAR CONFERENCE 
The complete proceedings of the first Na- 
tional Conference on Cardiovascular Diseases 
held in Washington January 18-20 are now 
available in book form. Copies may be obtained 
from the Association at $1.75 each by writing 
to Dr. John W. Ferree, Public Health Director. 
The volume includes the full text of reports by 
the Sections on Technical Knowledge and Re- 
search, Community Services, and Professional 
Education. These reports present comprehien- 
sive information regarding the present state of 
knowledge in the cardiovascular field, proposals 
for applying this knowledge more effectively, 
and suggestions for further study in certain 

areas. 





